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USE OF PHOTOGRAPHY IN THE INSPECTION AND STUDY OF 
THE OPEN-HEARTH FURNACE PROCESS 


Visual observations are the oldest method of inspection in the open-hearth furnace industry. Direct ob- 
servations of the surface of the slag in the furnace supplemented by the results of rapid analysis and the appear- 
ance of the slag cake allow a furnace operator to control the process of slag formation, to carry out the heat ef- 
ficiently and to be aware of any deviation from a normal course of the process. Visual impression of the process 
is, however, subjective. 


The lack of objective indices which would provide a sufficiently accurate representation of the surface 
of the molten slag,and hence of the slag itself in its various stages of formation, makes the development of the 
visual method difficult and does not permit the systematization and the dissemination of the present experience 
in process control. 


A photographic technique was employed to obtain permanent pictures of the process of slag formation, so 
that the pictures could show the characteristics of the state of the slag surface at different stages of the steel- 
making process objectively. The surface of the bath in 10-ton basic open-hearth furnaces fired with fuel oil 
and employing the scrap process was photographed through the inspection hole in the charging doors. In this 
way the camera could be brought very near to the photographed object, the short range being especially im- 
portant in the case of the miniature camera, “Zorkii,” equipped with the objectives “Jupiter-8" and “Jupiter-11." 


To reduce the effect of strong radiation on the objective, a cardboard sheath covered with aluminum foil 


and supporting a smoky -gray filter of factor 20 was employed. Sharp pictures were obtained owing to a short ex- 
posure, 0.001-0.002 sec, 


The film (Isopanchrom of 45-65 GOST units sensitivity) permitted, at the selected filter, the use of a 1:22 
aperture,thus ensuring an adequate depth of focus. To reduce the fogging of the film an ordinary sun lens hood 


= 
| 
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was used, For more efficient elimination of extraneous harmful rays it is advisable in the future to employ a 
special hood of at least double this size. 


Negatives and prints were processed in the usual way. 


The results obtained are clearly illustrated by the photographs, which show the possibilities of photograph- 
ing the molten metal for the purpose of the control and study of the steelmaking process, 


Picture 1 shows the slag surface at the end of the melting period. The slag basicity is not more than 2, 
The developmental stages of large bubbles in the effervescent slag can be seen. The flame is sharply defined 
and luminous (objective Ju-8). 


Picture 2 represents some features of the boil limestone when it is added to the effervescent slag (objec- 
tive Ju-11). 


Picture 3 shows a moment during the boil period. The slag is liquid, uniform and of 1.8 basicity. A slight 
reaction of the hearth is seen near the wall. The flame is soft (Ju-8 objective). 


We have made no use of many other possibilities of photographic technique, such as stereophotography, 
color photography,etc.; a motion picture was not taken, owing to the lack of the necessary equipment. It would 


: 


be a good thing to try similar techniques on other capacity furnaces, fired with other types of fuel, at various 
conditions of slag formation, etc, In this way it would be possible to create a "steelmaking album" containing 
photographs showing the typical states and compositions of slags for various conditions of the open-hearth process, 


E.S. Butyl'skii 
The “Bolshevik” Works in Kiev 


A HIGHER LEVEL OF AUTOMATION OF INDUSTRIAL PROCESSES 


A.K. Adabash'ian, Managing Director of “Energochermet” 


The output of the main products of the ferrous industry increases not only on account of the new units 
built, modernization and increased capacity of existing units, but also on account of the adoption of new ad- 
vanced technology, mechanization and automation of industrial processes, The carrying out of all these meas- 
ures resulted in an increase of more than 100% in operating efficiency in the blast furnace and open-hearth fur- 
nace industries, and an increase of more than 50% in the steel-rolling industry,compared with 1940. 


At present, many processes in the main and auxiliary branches of the metallurgical industry are automated. 
Experience shows that in a number of cases an improvement in production is absolutely impossible without auto- 
mation. However, the level of automation thus far attained is inadequate and does not correspond to the needs 
of highly efficient processes and the ever-increasing requirements of an economic and high-quality production. 


In the very near future it will be necessary to go over from the automation of separate machines and oper- 
ations to a complex automation of technological processes and whole plants and to the establishment of fully 
automated factories. An analysis is given here of the present state and aims of a complex automation of indus- 
trial processes in all branches of the ferrous industry in 1958-1965. 


The Blast-Furnace Industry 


The charging operations of all blast furnaces in the USSR are fully automated. In addition, the collection 
and weighing of charge materials at the Kuznetsk and the Nizhne-Tagil Combines are also automated, 


The temperature of the hot blast is automatically controlled on all furnaces, about 90% of large furnaces 
are equipped with automatic control of blast humidity, 67% of large furnaces are provided with the control of 
furnace gas pressure and 90% of furnaces have automatically controlled thermal conditions of blast-furnace stove 
operations, Moreover, blast furnaces are equipped with a large quantity of checking and measuring instruments 
which enable the personnel to take timely action in case of an irregular furnace operation. 


In recent years a tendency to establish an integrated system of automatic control of blast-furnace processes 
has been observed. With this end in view, it is necessary to mechanize a number of labor-consuming operations, 
to develop and introduce new methods and means for measuring important parameters of the blast-furnace process, 
Correlations between the course of the blast-furnace process and the variations in the parameters which describe 
that process have to be studied; it is necessary to design and construct calculating equipment for the determina - 
tions of the equations, to develop schemes for the automation of separate units and equipment of the furnace and, 
finally, to combine all automatic equipment into one single complex control system of the blast-furnace process, 


In 1959-1965, new equipment and systems of operating control depending on when they will be available, 
will be introduced at 33 new furnaces and at all furnaces under reconstruction which will be put into operation 
in that time. The introduction of new operating-control systems at existing operating furnaces is also envisaged. 


Initially, in the automation of some units of the blast furnace and of the parameters of the process, first 
automatic determination of these parameters and then experimental equipment for their operational control will 
be introduced; only after experimental operation (one to two years) and after the correction of any observed 
defects, will standard methods of automation be developed and put into operation. In this way, the automation 
of the control of the distribution of hot blast to the tuyeres, the measurement of blast input and its correction ac- 


cording to its temperature, pressure and humidity, the control of air-stove operation and other operations will be 
established. 
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A complex automation will provide conditions for an increased output of furnaces, a reduction in coke 
consumption and a reduction in operating personnel. 


As no investigations have been carried out, either in the USSR or abroad, on complex automation, it is 
difficult to estimate its effects in terms of operating efficiency and economy but, on the basis of previous ex- 
perience with automation, it can be assumed that as a result of complex automation the productivity of blast 
furnaces will increase by 1,5-2.0%,and coke consumption will fall by 1.0-1.5%. The work carried out on the 
automation of the blast furnace industry resulted in 7-10% increase of blast furnace productivity at a 2% saving 
in coke. 


The Steelmaking Industry 


Everywhere, open-hearth furnaces are equipped with instruments checking and automatically controlling 
the main parameters of the thermal regime. The valve change, the pressure in the furnace proper, the fuel in- 
put and the ratio of fuel and air input are automatically controlled, The measurement of liquid metal temper- 
ature by means of immersion thermocouples is extensively applied. 


However, the intensification of the process and a marked increase in the productivity of the furnace — 
achieved on account of increased thermal loads, the introduction of various means for the intensification of the 
process (oxygen, compressed air), the adoption of basic refractories, etc. —- made the operating conditions con- 
siderably more difficult for the personnel and brought forward the importance of measuring instruments and of 
control equipment. Therefore, the extent of automation of the furnace thermal regime, especially of the fur- 

_ haces operating on mixed gases and with the use of oxygen, proved to be quite inadequate for the control and 
operation of the thermal processes under new conditions. 


In 1965, the furnaces fired with gas and liquid fuels and employing various means for the intensification 
of the open-hearth furnace process (oxygen, compressed air) will be provided with a complex system of auto- 
matic control of the thermal regime; the system will include the control of fuel input, thus ensuring complete 
combustion of fuel and maintenance of the required pressure in the furnace, the control of the valve change andof 
the introduction of oxygen into the bath. 


For the automation of the control of the thermal operation of the furnace it is necessary to relate the heat- 
ing conditions to the changes in the temperature, the physical state and the chemical composition of the charged 
materials in the furnace. 


The development of a complex system of open-hearth furnace automation proceeds in four directions: 
1) the study of the open-hearth furnace as a thermal unit; 


2) the study of factors which determine the speed of charge melting, slag formation, carbon oxidation, the 
removal of sulfur and phosphorus from the metal, the rise of metal temperature and the gas content in the metal; 


3) the mechanization and automation of technological operations; 
4) the development and production of the necessary checking, measuring and controlling equipment. 
The automation of open-hearth furnaces will make possible a 7-9% increase in their output. 


In 1959-1965 the automation will be introduced on 62 new furnaces and modernized on the existing fur- 
naces, 


In Bessemer steelmaking, the control of the blast regime in converters will be automated. The conditions 
of the blast operation will thus be standardized and it will be possible to produce steel of a better quality than 
by manual control. Measurements of metal temperature in the course of blasting will be made automatic, this 
being essential for the control of thermal conditions,on which depend the extent of dephosphorization, the life 
of refractories and the quality of the metal. 


Automating the determination of the chemical composition of metal in the course of blasting presents a 
difficult problem. Work on the solution of this problem has been carried on for many years in the USSR and 
abroad, 


Automatic evaluation of the operating statistics of the converter is planned. The instruments which meas- 
ure the input of pig iron, additional raw materials, oxygen, electric power, etc., would produce punched cards 
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for the calculating machine which would carry out a daily analysis of the operating statistics of the plant or of 
a unit. 


At present, about 80% of the electric arc furnaces of the ferrous industry are provided with electric regu- 
lators and RMS current meters or with contactor-type relay and electric regulators. 


Automatic equipment and methods for electric-arc heating of the hot-top of 0.2-1; 2; 3 and 6-ton ingots ; 
have been developed and they bring about a 6-8% increase in the output of good product. 


In 1959-65, control and automation of some parameters in the process of continuous steel casting, including 
the temperature of liquid and solid metal, the level of liquid metal in the crystallizer and intermediate ladle, 
the temperature and quantity of cooling water, the speed of the machine, the process of gas cutting of metal, etc., 
will be developed and adopted. Television control of the main operations in continuous steel casting and 
metal cutting will also be introduced. 


To complete all these tasks it is necessary to study individual parameters and the stages of the steelmaking 
process, and to solve the problems of the complex automation it is necessary to determine mathematical rela- 
tions between the basic parameters of the process. 


The cost of automation would amount to 27 million rubles and the annual savings to 37 million rubles, 
Thus, the expenditure will be recovered in less than one year. 


Steel Rolling 


At present, over 15 section mills, seven tube mills, three cogging mills (partially) and a few sheet mills 
have been automated. 


The most difficult sections to automate in the steel rolling industry are the finishing, inspection, grading, 
packing and loading of finished product as well as the heating furnaces, notwithstanding the fact that in these 
sections the largest number of the plant personnel is engaged. : 


In 1959-1965, in the USSR, 45 rolling mills which are now in operation should be automated; all new 
mills (about 60) will be provided with a maximum possible automation. 


The Mixed Metal Industry 


At present only the control of thermal processes of patenting and annealing furnaces, and hardening and 
tempering units are automated, Now, mechanized and automated continuous production lines for the manufac- 
ture of bolts, nuts and screws are being put into operation; units for the patenting and preparation of wire for 
drawing (pickling, washing, copper plating, neutralizing and drying) have been put into operation and the units 
for the patenting and galvanizing of wire etc, are being mastered. 


In the plan which has been drafted, the automation of almost all-production processes of the mixed metal 
industry, from drawing of rods and wire, cold rolling, and upsetting to the manufacture of watch springs, has been 
envisaged. A marked speéding-up of the processes is contemplated. The speeding-up will be achieved not only 
by increasing the speed of the movement of materials, but also by changing some operational factors such as 
temperature, pressure, durability of frictional parts of the equipment, concentration and reactivity of solutions, 
purity of the composition of protective materials, etc. Therefore, units and production lines have to be provided 
with new inspection equipment,which should be rapid, accurate and reliable in use, These instruments must be 
adopted for operation in places inaccessible for visual observation and be capable of being operated by remote 
control, In connection with these requirements, the advanced contactless methods of measurements and inspec- 


tion should be included as the basis for the majority of these instruments, because only contactless methods could 
give satisfactory results, 


It is very important to develop instruments for checking the dimensions of parts (e.g., fastening pieces), 


Such instruments for the regular inspection of the products of highly efficient automatic machines are essential 
for the prevention of defective production. 


In spite of some reduction in the operating personnel with the introduction of automation, a marked de- 
crease in the number of workers in separate branches of the metallurgical industry should not be expected. 


The wages of industrial workers at large works constitute: 2-5% of the cost of coke, 1-2% of the cost of 
steel and 0.4-2.2% of the cost of rolled product. 


Under these conditions it is expedient to introduce automation first of all in the sections which involve 
harmful and labor-consuming operations and in cases when the :nanual control of the process is beyond human 
capability owing to the speed of the process (blooming mill operators, operators at the chemical plants of the 


by-product coke industry and others), even if there is no appreciable freeing of workers for other duties. 


The measures which involve an increase in productivity, reliability of machinery, better quality of products, 
savings in fuel, electric power and raw materials are very effective in the coke, pig iron, steel and rolled product 
industries, 


The introduction of integrated automation in the ore-mining industry and in the steel-rolling industry will 
result in a reduction in personnel working under harmful conditions in the mines and in the tail sections of rol- 
ling mills, 


This is confirmed by the work on automation and the adoption of STsB* at the "Gigant" mine of the Kri- 
voi Rog field and at the tube mill of the Pervouralsk New-tube Works, 


In spite of individual successes, the present state of automation does not satisfy the needs of the iron and 
steel industry. At all stages of the work on automation — design, manufacture of necessary equipment and instru- 
ments, assembly, erection, adjustment and operation — there are serious shortcomings which have to be elimi- 
nated in order to bring automation to a level corresponding to the modern development of technology. 


The main general design organizations of the ferrous industry — Gipromez, Giprostal, Giproruda and others — 
are not working out basic regulations for automation and do not even coordinate the problems related to the au- 
tomation in the establishments they are designing. As a rule, leading specialist technologists of these institutes 
are not adequately familiar with the problems of automation. Automation is planned by various organizations 
which have no connection with each other. 


The works which manufacture equipment for the iron and steel industry do not produce machinery ad- 
justed for a complex automation and adoption of modern methods of automatic inspection and control. Scien- 
tific research institutes do not pay enough attention to the problems of automation of industrial processes, 


Designers of the plants of the ferrous industry do not submit due requirements to the above organizations, 
The lack of coordination in the work of design and scientific research institutes and machine-building factories 
as well as plants which use automatic equipment causes great harm to the national economy. 


Very frequently, plants and machinery when designed are not calculated for the best operating efficiency 
and highest output. 


The nomenclature of instruments manufactured is limited, does not satisfy the requirements of the ferrous 
industry and is lagging behind the technological level in that field. Multipoint control potentiometers and brid- 
ges, miniature instruments, high precision instruments, radiation pyrometers compensating for the temperature 
of enclosing medium, regulators of relative humidity, gas analyzers of coke-oven gas, strain pickups, dynamo- 
meters and other instruments are not produced in sufficient quantity. The produced instruments are very often 
unreliable in operation, bulky,and do not conform with several requirements, 


The specialized organizations working within the "Energochermet” have a badly-organized technical 
production and cannot encompass all branches of the ferrous industry or ensure the development of new meth- 
ods and equipment. At the same time the instrument industry is delaying the serial production of instruments 
and equipment already developed and industrially tested (isotope measuring devices, polarographs, pneumatic 
controlling and operating equipment and others), 


Sovnarkhozes (Councils for National Economy) and works directors do not provide at the appointed time 
and in the required amount, the equipment, materials and means for automation in accordance with the plans 
for automation, and do not always make provision in annual plans of major constructions and major overhauls 
for the work to be done on the mechanization and adjustment of operating equipment for automation. 


Only upon the elimination of these shortcomings can an extensive introduction of automation in all bran- 
ches of the metallurgical industry be considered. 


*Centralization and blocking system (railroad). 
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THE OPERATION OF BLAST FURNACES WITH SIZE-GRADED CHARGE 


The charging of blast furnaces with size-graded materials constitutes one of the 
methods of increasing the output of the furnaces. Tests carried out earlier in the USSR 
and the operational practice of some works abroad show the effectiveness of this meth- 
od of charging. 


In printing the articles of Engineers V.E, Levchenko and K.A. Bovkun (Dneprope- 
trovsk Metallurgical Institute), the editor hopes that furnace operators will express their 
views on the problems raised, 


V.E. Levchenko 


Further development of the blast-furnace industry requires the use of new potential capabilities and the 
search for sources of higher productivity. One of these sources,so far only slightly made use of, is the size-grad- 
ing of the charge. 


Laboratory investigations and the practice of a few blast furnaces show that the size-grading of charge 
will be technically and economically very effective. Specialists, however, often have a wrong approach to this 
problem, Some blast-furnace operators consider that the size-grading of the charge serves only for the purpose 
of boosting the blast-furnace process and regard the screening-off of fines as a means of furnace boosting. 


In fact, however, fines removal results not only in furnace boosting, but also in a marked reduction in coke 
consumption owing to a more effective and steady distribution of gas flow over the cross section of the furnace, 
and hence a better utilization of the thermal and chemical energy of the gases, 


At present, even at furnaces where the ore portion of the charge is of relatively large size, in order to en- 
sure a regular or a boosted operation of the furnace, we have to employ a method of charging which provides for 
a higher gas permeability at the circumference and in the center than in the annular space between them, but 
. which entails a high coke consumption. In addition, in some zones of the furnace the amount of gas passing 
through is disproportionate to the quantity of iron-containing materials, In the places where small-size fractions 
of ore and sinter are concentrated, a very small portion of the gas passes through owing to a high resistance to its 
passage, and the larger part of the reducing gases passes through the zones of a light ore burden, in particular of 


large-size material, the gas energy being insufficiently utilized, as shown by the curves of CO, content along the 
radius of the furnace, 


Attempts to increase the degree of gas utilization at the circumferences and in the center by means of ad- 
ditional ore charging to these parts result in irregularities in furnace operation,and the operating personnel have 
to revert to the original method of charging. 


Even in satisfactorily operating furnaces, where fairly low coke consumption has been achieved, the ratio 
of carbon dioxide content in the gas in the annular zone to that in the center, or in the annular zone to that at 


the circumference, is not less than 2, while in the furnaces where a large amount of fines is used this ratio be- 
comes 10 or more, 


The above defects can be eliminated by employing charge free from fine fractions. Tests on a furnace 
model indicate that with the charge from which fine fractions have been removed it is possible to obtain ap- 
proximately uniform and steady permeability of the charge to the gas over the whole cross-sectional area of the 
furnace in spite of considerable changes in the ratio of ore to coke in different zones of the furnace, including 


the case when the ore is distributed uniformly over the cross section of the stack. Hence, by employing a 
charge free from fines and, as the next step, graded into two fractions,it will be possible to establish a stable, 
almost uniform ratio of the amount of gas to the iron-containing portion of the charge at all levels of the blast 
furnace, This will result in a better utilization of the gas energy, a reduction in specific coke consumption and 
a corresponding increase in furnace output. 


A smaller pressure drop between the hearth and the top of the furnace will make a boosting of the blast- 
furnace operation possible and hence also an increase in furnace output, the coke consumption being lower and 
a uniform furnace operation being maintained. 


This fact is of special importance for the furnaces where a fairly low coke consumption and a high output 
have been already attained, Attempts to increase the blast input at these furnaces caused an increase in pressure 
drop, irregular furnace operation, slips, channelling and hence an increase in coke consumption and production 
losses, 


The increase of the ore burden resulting from the reduction in coke consumption on the operation with 

' size-graded charge, up to certain limits, will not impede the passage of gases. Thus, it will be possible to com- 
bine a boosting of furnace operation with the reduction of specific coke consumption. Such is the case at some 
blast furnaces in Southern works where high operating efficiency has been achieved (if the high slag yield, the 
high amount of raw limestone and other factors are taken into account, the operating efficiency of these furnaces 
is approaching that of the Magnitogorsk furnaces), 


The size-grading of the charge opens new possibilities for a rise in blast temperature which, in its turn, 
will ensure an additional reduction in coke consumption. 


There were cases in the blast-furnace practice when charge materials free from fines and size-graded into 
two fractions were used, and these cases confirmed the conclusions arrived at on the basis of model experiments 
that if graded charge materials are used there is a proper and steady distribution of gas. 


A blast furnace at the Swedish works, "Domnarvet,” is operated on sinter, free from fines and screened in 
two fractions, 120-50 mm and 50-12 mm, the fractions being charged separately. The furnace is operated with- 
out increased pressure, humidification,or oxygen enrichment of the blast. Mean annual coke consumption con- 
stitutes 585 kg per ton of basic Bessemer pig iron, slag yield — 425 kg/ton,blast temperature 980°C, maximum 
combustion rate — 1225 kg/m® and mean combustion rate — 1130 kg/m’, 


Such remarkable results were achieved owing, to a great extent, to the screening-off of fines, the size- 
grading of the charge into two fractions, separate charging of the fractions and the constant control of gas dis- 
tribution over the cross section of the furnace, 


A sufficiently high permeability of the stock over the whole cross section of the furnace assists in a rela- 
tively uniform distribution of the iron-containing portion of the charge and in the attainment of an extensive 
utilization of the gas energy in the whole cross section of the furnace. Hence, the CO, content at the circum- 
ference and in the center is about 15%, and in the annular space — about 20%, resulting in about 18% of carbon 
dioxide in the blast furnace gas. 


Such a distribution of the gas and of the iron-containing portion of the charge, unusual for the charge which 
contains fine fractions, is accompanied by a steady, highly efficient operation of the furnace at a low coke con- 
sumption, 


Thus, the removal from the charge of the fractions below 10-15 mm, or, in the initial stage, at least 6-8 
mm, will enable blast furnace operators to exert proper control over the distribution and to achieve a maximum 
utilization of the gas in the entire cross section of the furnace, so providing a larger scope for a reduction in 
coke consumption and increase in the efficiency of blast furnaces, 


Without the size-grading of the charge it will be impossible to achieve the best results on the application 
of oxygen-enriched blast, natural gas or pulverized-coal fuel. The introduction of these methods for the inten- 
sification of the blast-furnace process, combined with the size-grading of the charge and the operation control 
from the top, will result in a considerable increase in the efficiency of the blast-furnace process. The preparatory 
work, now being carried out jointly by the Dzerzhinsk Works and the Dnepropetrovsk Metallurgical Institute, on 
the adapting of one of the furnaces at the Dzerzhinsk Works for operation with the charge in which the iron ore 
portion is free from fines will provide the opportunity for working out the method, for the determination of the 


operating statistics and the economic effects of the removal of fines from the sinter and the ore. 


K.A. Bovkun 


The output of the blast furnaces depends on two main factors ~ the degree of boosting of the process and 
the relative coke consumption per ton of pig iron. With the increased boosting of the process at unchanged rela- 
tive coke consumption, the output of the furnace increases. Hence, the better the permeability of the stock in 
the blast furnace, the more air can be introduced into the furnace and the more coke can be burnt without a dif- 
ficult operation and hangings. At a constant absolute coke consumption per unit time, the output of the blast 
furnace can be increased by lowering the relative coke consumption, increasing the ore charge, making the best 
possible use of the reducing properties and thermal energy of the gas stream, enriching the iron ore in the charge, 
increasing the basicity of the sinter, etc, Blast furnace operators in the Soviet Union make use of both methods, 


The furnace output increases considerably if the permeability of the charge in the furnace is improved. 
Coke is of a uniform and large size and therefore the decisive factor for the permeability is the sinter, which has 
a very wide particle-size distribution and contains a considerable amount of small fractions (especially fluxed 
sinter at the Southern works), When this sinter is charged into the furnace, fine particles get in between large 
ones and increase the resistance to the passage of gases, It is therefore necessary, for the improvement of the 
permeability of the charge in the blast furnace, to use sinter containing the least possible amount of fine frac- 
tions (0-12 mm); this can be achieved by the production of strong sinter and by separating the fines by screen- 
ing. In addition to this method, the size-grading of the sinter and separate charging of each fraction constitute 
also a very effective means for increasing the permeability of the charge. 


The operation of blast furnaces in which the charge is size-graded shows a marked positive effect. How- 
ever, the results obtained from laboratory tests indicate that size-grading does not always contribute to an im- 
proved permeability of the layer of materials, 


If the amount of fine fractions is small and they are charged together with large lumps, the pressure drop 
is greater than when the fines alone constitute a separate layer. When the amount of fines is small they cannot 
fill up the vertical passages between the large lumps and under the action of the gas flow they will occupy 
mainly horizontal gaps where only a very small quantity of gases passes (the gases in their passage upward take 
the shortest path which offers a minimum resistance), Therefore, the channels through which the gases pass are 
only very slightly reduced, When, however, fines are charged separately they form a thin but dense layer which 
offers a considerable resistance to the passage of the gases and results in a high total resistance. 


On a further increase in the amount of fines in the charge, the mixture offers higher and higher resistance 
to the passage of gases because after the filling-up of the horizontal gaps between the lumps, the fines begin to 


fill up the vertical channels, pressure loss being thus increased compared with charges containing separate layers 
of fines, 


Material Mixtures of fractions, mm 
1-5 and 5-10 and 10-15 and 5-10 and 
30-50 30-50 20-25 


Sinter 42 38 35 a 
Iron ore = 25 20 23 


Limiting content of the small-size fraction in the charge is given above; when this limiting content is 


exceeded the gas permeability of the mixture becomes lower than the permeability of the same fraction charged 
separately in layers, 


It is seen from the table that the larger the difference between the size of the small and the large particles, 
the larger is the amount of fines that can be accommodated in the mixture without reducing the permeability of 
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the layer below that which is formed when the fractions are charged in separate layers. At the same time, the 
larger the diversity in the size of the small and the large particles, the bigger is the difference between the 


permeabilities of the mixture and of the separate layers. With the sizes approaching each other this difference 
decreases, 


Hence, the size-separation of charge materials and the separate charging of fractions considerably improve 


the permeability at a wide size distribution and a high content of fines. This is valid also for the sinters manu- 
factured at present. 


Calculations show that the size separation of sinters which are now manufactured, and the charging of dif- 
ferent fractions in separate layers, improve the permeability of the layer compared with the permeability of the 
mixed charge, in all the cases considered, since sintered materials contain a considerable amount of fines which 
impair the gas permeability of the mixture, 


The size separation into two fractions, >25 mm and 25-0 mm, gives good results. The pressure loss is re - 
duced markedly compared with mixed charge. The best results are obtained on size separation into three frac- 
tions (>40, 40-12, 12-0 mm) and removal of 12-0 mm fraction. 


The size separation of the charge is advantageous also for the elimination of size segregation of the ma- 
terials in the furnace and for a more uniform distribution of gases over the cross section of the layer. In addi- 
tion to an improved gas permeability, these factors should result in a considerable decrease in coke consump- 
tion in connection with a better utilization of the gas stream and a decrease in the extent of the direct reduction. 


The evaluation of the resistance of the charge materials in the blast furnace involves several difficulties: 
the stock has the form of a truncated cone; temperature, pressure and gas composition change depending on 
the height in the furnace; the size of the particles over the cross section of the furnace is not uniform; in the 
course of operation a continuous descent of the materials takes place. Therefore, the calculations made were 
approximate, The profile and some data on the operation of No. 1 blast furnace of the "Zaporozhstal" Works 
were made use of in the calculations. Pressure drops per 1 m height of the stock for the charge consisting of sin- 
ter and coke were calculated for various methods of charging. 


The comparison of calculated values for the pressure losses with the actual pressure drops measured at the 
No. 1 furnace, where charge consists of 70-90% of sinter, showed that the actual values of pressure drop are con- 
siderably lower than the calculated ones (a uniform size distribution of the materials in the cross-sectional plane 
of the furnace — a condition which does not occur in practice — was assumed in the calculations). 


On the descent of the materials in the furnace some loosening of the charge takes place and this also con- 
tributes to a lowering of the measured pressure drop. 


With the charge material as prepared nowadays, it is possible to attain an adequate degree of speeding-up 
of the process by lightening the furnace periphery and the center alone. By varying the manner of charging, the 
stock line and the weight of rounds, the material may be distributed in such a way that large particles get into 
the periphery (mainly) and into the center of the blast furnace and form “draft holes” which offer passage to the 
bulk of the gases, In this way, different parts of the cross section of the furnace have different gas permeabilities. 
The values, however, of the pressure drop over the cross section of the stock should be the same. If, for instance, 
there are two parts of different permeability in a layer of the charge the gas flow through the part of — per- 
meability will increase until the pressure drops become equal. 


Since coke and ore materials, which are hard to reduce, have the largest particle size, the bulk of the gases 
passes through a medium where their thermal and chemical energy is not efficiently utilized. Hence, on boost- 


ing the blast furnace, when the charge materials are prepared as at present, the physical and chemical energy of 
the gases is not adequately utilized. 


A comparison of the calculated values of pressure drop with actual ones shows that, at the existing particle 
size of the charge, a uniform distribution of materials in the cross section of the charge would increase the re- 
sistance of the charge column. Even in the case of size-graded materials, when the permeability of the charge 
column will be substantially improved, a uniform distribution will still prove impossible because of a high resist- 
ance, In that case it will be necessary to “lighten” the periphery, but peripheral channeling will not be serious 
because the permeability in other parts of the furnace will be improved. Therefore, the distribution and the util- 
ization of the gas flow will be more uniform. 
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A uniform distribution of the materials and hence a uniform distribution of the gas flow will be possible 
only where a sinter completely free of fines (0-12) is used. 


The improvement in the gas permeability of the blast furnace charge materials can be made use of in 
three ways; 


1) the blast furnace can be operated at the same level of boosting but with a better distribution of charge 
materials and better utilization of the gases; 


2) the distribution of the charge materials and of the gases remains unchanged but the boosting of the pro- 
cess is intensified owing to a higher permeability of the column of the materials in the furnace; 


3) the distribution of the materials and the utilization of the gases are improved, aati with an 
increased boosting of the blast-furnace process. 


The last alternative is, obviously, the most effective. 
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TOPIC FOR DISCUSSION 


CHARGING OF A LARGE BLAST FURNACE WITH SIZE-GRADED CHARGE* 


R.D. Kamenev and V.N. Fomenko 


Blast-furnace Plant of the "Kivorozhstal' * Works 


The method, proposed by P.S. Balevich, of charging the 2000 m® blast furnace by employing a conveyer 
on the bunkers — skip pit section, solves, in principle, the problem of charging a super-large blast furnace with 
raw materials, There are several objections, however, to the design itself. 


1, The author suggests that the bunkers should be placed in one line in order to increase their volume. 
Calculations show that on retaining the optimum angle of inclination of the bunker walls at 55-60”, it is possible 
to erect one bunker of 200-220 m® in place of two bunkers as at present. It is difficult to see what volume in- 
crease the author has in mind when we know that two bunkers of a 1300 m® standard blast furnace have a total 
volume of 206 


2. To ensure the necessary stock of raw materials, P.S. Balevich proposes to put 30 ore bunkers arranged 
in one line, 15 bunkers on each side of the axis of the inclined bridge. With such a number and arrangement of 
the bunkers, the distance between two adjoining furnaces would be more than 160 m and such a distance is not 
recommended. 


3. As the shut-off device for the bunker the author proposes to introduce plate feeders which should also be 
employed for proportioning of materials according to the calculations of the burden sheet. The experience of ore 
beneficiation plants indicates that the accuracy of proportioning is lowered for lumpy materials. Therefore, the 
advisability of employing plate feeders may be doubtful. 


4, In the article by P.S, Balevich, the separation of the 0-3 mm fines on a disc screen is proposed, How~- 
ever, the screen with 3 mm gaps between the discs will get blocked-up and will not work. 


5. The article does not indicate the type of conveyer to be used for charge transportation, but the velocity 
of 85 m/min quoted by the author allows one to assume that a belt conveyer with a rubberized belt is meant. 
A conveyer of this type will be soon put out of operation if used for transporting hot sinter. 


In addition to the disadvantages enumerated above, the method of charging the blast furnace considered 
here does not, in our opinion, eliminate any of the technical defects of the existing method of blast furnace 
charging, and, in particular, it does not provide for the use of size-graded materials in the charge. 


Academician M.A. Pavlov, wrote this on the technological importance of the screening of the charge: "If 
all the ore charged were in lumps of the same size the main virtue of the hopper and bell arrangement ~ the dis- 
tribution of ore in a large layer at the walls and of coke at the center of the furnace ~ would be maintained, and 
its defect — the concentration of a large amount of fines near the walls — would be eliminated. 


"The charging of a uniform size ore not being feasible, it is possible to approach the ideal conditions by 
size-grading the ore and by charging the ore in layers, each layer being of a separate size fraction." ** 


*Comments on the article by P.S. Balevich (Metallurgist No. 1, 1957). 
** Academician M.A. Pavlov, The Metallurgy of Pig Iron, Part II, page 15 (Metallurgy Press, 1949), 


In conformity with this premise, some design problems are solved in the method described below, which, 
at the same time, eliminates the defects of the method proposed by P.S. Balevich. 


Raw materials from the bunkers are transported to the skip pit by the main conveyer (Figure 1) and from 
there by the skip hoist to the top of the furnace. From the conveyers, the materials are transferred into the skip 
via the ore scale hopper. Six vibrating screens (three for each branch of the conveyer) and six bunkers (three 
for each fraction of sinter or ore) are placed between the conveyers and the hoppers, Only sinter or ore is screened. 
Limestone and other components of the charge are delivered directly to the scale hopper by auxiliary conveyers. 


1)Sinter (ore) bunkers; 2) main conveyer; 3) bunkers for 
auxiliary materials; 4) auxiliary conveyers; 5) vibrating 
screens; 6) bunkers for screened fractions; 17) scale hopper; 
8) skip; 9) coke bunker; 10) coke screen; 11) scale hop- 
per for coke; 12) bunker for coke fines; 13) skip for coke 
fines; 14) conveyer for the removal of ore fines; 15) blast 
furnace, 


It was pointed out above that when the bunkers of a large blast furnace are arranged in one line the dis- 
tance between the furnaces is increased. 


Taking into account that, at present, specially prepared sinter is employed more and more frequently in 
the blast furnace industry and that in the near future this material will be the main component — by weight and 
by volume — of the charge of the blast furnace, the bunkers should be placed in two rows on both sides of the skip 
bridge. One row of the bunkers is the main one and is intended for the sinter ore; the other, the auxiliary one — 
for other raw materials (Figure 2), The main bunkers are 8 m wide, the auxiliary — 4 m wide; the total width of 
a pair of bunkers (12 m) is within the size of the existing bunker structures. The length of the bunker (4.57 m) 
conforms with the length of a standard bunker. 


With a 55° inclination of the walls from horizontal in lateral cross section and of the suspension walls in 
longitudinal cross section, the design volume of the main and auxiliary bunkers is 180 and 90 m},respectively. 
The height of the bunkers (8 m) is chosen so that the conveyer can be placed underneath it. With bunkers of such 
design it is possible to accommodate the screens and the bunkers for screened materials, near the bunkers and the 
skip pit without altering the existing dimensions of the under-bunker structure. 


The outlets of the bunkers are closed by vibration-type feeders (two for each bunker), which serve for a 
uniform delivery of the raw materials to the conveyer without extensive dust formation. According to informa- 
tion in the literature, this type of feeder is reliable in operation and cheap to produce. For a 2000 m? blast fur- 
nace it is sufficient to have 20 main and 20 auxiliary bunkers (10 on each side of the inclined bridge). The total 
volume of the bunkers will be 5400 m® and this should ensure the necessary stock of raw materials. 
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The temperature of the sinter which falls on the conveyer belt is high and therefore it is proposed to em- 
ploy a pan conveyer, The width of the pan of the main conveyer being 1 m,the height 0.3 m, the maximum 
speed of the conveyer 0.5 m/sec, the maximum rate of the main conveyer will be 800 ton/hr and of the auxili- 
ary 250 ton/hr (the width of the pan of the auxiliary conveyer being 0.5 m and the height 0.3 m). 


This rate of materials transportation on the main and auxiliary conveyer will ensure an ample delivery of 
raw materials to the screen even at a coefficient of working volume utilization of 0.3. The floor of the main 
conveyer pans should be curved,as the conveyer ascends at an inclination of 38-40° to the horizontal. The aux- 
iliary conveyers are mounted horizontally and their axes pass through the ore scale hoppers. 


Sinter (or ore) from the main conveyers goes to the vibrating screen whose axis is set under the conveyer 
at an inclination of 10° to the horizontal. The large size fraction gets into the bunker for screened material and 
the remainder passes to the second screen placed under the first but inclined in the opposite direction. The me- 
dium fraction gets into its bunker and the residue falls onto the third vibrating screen placed directly under the 
second and inclined towards the skip pit, On the third screen the fines (—5 mm) are separated, collected in the 
bunker for fines and delivered to the ore yard (into railroad cars for the sinter plant) by a small skip, an elevator 
or a rubber belt. The small size fraction is collected in its bunker. The volume of these bunkers allows for a 
30-35 ton stock of sinter (or ore) of each fraction, 


Fig. 2. Layout of main and auxiliary bunkers. Key numbers 
are the same as in Figure 1, 


The main dimensions of the bunkers for screened materials were chosen and calculated on the basis of the 
required amount of sinter, the permissible angles of inclination of bunker walls, the dimensions of the screen 
and the possibility of accommodating the whole screening unit within the size of the existing under-bunker 
structure, 


According to the data of A.B, Patkovskii, the 1250 x 2500 mm standard vibrating screen will be capable 
of ensuring an output of 300 ton/hr and this is quite adequate for the size separation of materials before the 
charging of the furnace.* 


In the skip pit the ore and coke scale hoppers, bunkers and the hoist for coke fines are accommodated. 
The dimensions of the proposed skip pit differ little from the dimensions of the existing skip pits. The design 
capacity of the ore scale hopper is 11 m® and of the skip 9 m®, Each hopper has three vibrating feeders deliver- 


*A.B. Patkovskii, Sinter Plants (Metallurgy Press, 1954), p. 128. 
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ing the sinter from the bunkers which contain screened — Coke is charged in the usual manner, The de- 
sign volume of the coke bunkers as proposed here is 600 m? and is larger than those commonly — be- 
cause the dimensions of the bunker along the axis of the bunker gantry are enlarged. At 1.1 ton/m? combustion 
rate, a 3-hour supply of coke is thus provided. 


For the removal of coke fines, the vibrating screen can be recommended; it is superior to the disc screen 
because the ratio between the small and large fractions does not change as the screen wears out, 


Two likely methods of operation are proposed, 


1, The Charge Consists of Coke and Complex Sinter Only 


In this case the main conveyers only are employed. The speed of the conveyer pans, the working of the 
screens and vibrating feeders of the receiving bunkers,are synchronized according to the output and constitute a 
function of the course of the blast furnace process. The motors of these units are switched on when the bunkers 
for screened materials are not full and are switched off when any of the bunkers are filled up. The feeders at 
the bunkers are switched on in turn, in accordance with the given program. The closing of the ore scale hopper 
provides the starting impulse, The feeders are switched off by the weight contactor-unit. The lever of the scale 
hopper shutoff is switched in when the skip stops and when the weight contactor-unit is closed. Coke is charged 
in the usual manner. 


2. The Charge Consists of Coke, Sinter and Other Components 


In this case, depending on the technical requirements, the scale hopper may be partly filled first with ad- 
ditions delivered by the auxiliary conveyers, and then sinter added up to the full weight, or vice versa. 


The method of blast furnace charging described above will provide furnace foremen with one more means, 
in addition to those already known, of furnace control from the top — by the variation of the particle size of raw 
materials. 
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COMBATING CYANOUS COMPOUNDS IN BLAST-FURNACE GAS 


S.P. Koshelev 


Novo-Tul'skii Metallurgical Plant 


The change in the operation of the No. 1 blast furnace from melting open hearth pig iron to melting ferro- 
manganese resulted in a sharp increase in the cyanide content of the blast furnace gas and in the waste water of 
the gas-cleaning plant. This led to an increase in the cyanide content in the air at the working places in the 
gas-cleaning plant over the permissible value,and resulted on several occasions in the mass killing of fish near 
the place where the waste water is discharged into the river Up. 


In May -August 1956 an investigation was carried out on the influence of individual factors upon the con- 
tent of cyanide in the gas and on their behavior in the waste water on its way through the plant. The blast fur- 
nace gas samples for determining the cyanide content were taken from the gas line after the first dust catcher. 
In the gas cleaning plant the water samples were taken from the trough immediately behind the scrubber. In ad- 
dition, the cyanide content of the water was determined in the sprinkler reservoir before and after it passed 
through the sprinklers, 


The tests showed that in melting ferromanganese the content of cyanous compounds in 1 m’® of the blast 
furnace gas reaches 1g. This is explained by the fact that in melting ferromanganese the region of high tem- 
peratures in the blast furnace is greatly expanded, which facilitates the formation of cyanides. Furthermore, the 
cyanide content in the gas is affected by alkaline metals contained in manganese ores and in the coke ash. For 
example, the concentrated Chiatursk manganese ore contains 0,1-0,2% and the ordinary grade 0,5-1.1% alkalines 
respectively. 


In order to ascertain the influence of the changed operating conditions upon the cyanide content in the 
gas, samples were taken in varying operating conditions of the blast furnace. It was found that the cyanide con- 
tent did not remain constant in the stable operation of the furnace but varied between 0.072 and 0.234 mg/liter. 
A higher concentration of cyanides was observed when the gas temperature was high and the pig iron was hot, On 
increase of the gas temperature by 46°C (from 287 to 333°C), with silicon content in the pig iron remaining 
constant (1.29%), the cyanide content in the gas rose from 0,082 to 0.120 mg/liter, i.e., by about 30%, 


An increased silicon content in pig iron (from 1.29 to 1.85%), with the gas temperature remaining con- 
stant, effected an increase in the cyanide content from 0.082 to 0.165 mg/liter. 


In the operation of the furnace with intentional setbacks and with fluctuation, but with the gas flow in the 
channels remaining strong, the cyanide content varied from 0,199 to 1,023 mg/liter. Such a sharp increase in 
the cyanide content is caused solely by the nonuniform operation of the furnace, since the silicon content in pig 
iron and the gas temperature at the furnace top remained in both cases within about the same limits. Conse- 
quently, in order to minimize the cyanide content in the blast furnace gas it is necessary to maintain a uniform 
operation of the furnace and to reduce the temperature at the furnace top. 


In order to reduce the percentage of cyanides in the waste water two methods were used, Iron sulfate was 
added to the waste water and the water was sprinkled into sprinkler reservoirs. When the iron sulfate was added 
to the waste water the cyanous compounds were transformed into harmless complex salts. 


Water samples for the examination were taken from the trough behind the scrubber. Iron sulfate was added 
to the water in varying quantities and the water was stirred for 20 minutes, Then the cyanide content was de- 


; 
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termined again, and the difference showed the amount of cyanides transformed to complex salts, 


The stirring time was determined by the local conditions (waste water takes 20 minutes to flow from the 
plant discharge to the river), The water temperature was maintained during the tests at the same level as it 
was at the plant outlet. The cyanides are combined most effectively when 500 g of iron vitriol is added to 1 m*® 
of water, 


For determining the effectiveness of the removal of cyanides in the sprinkler reservoir, water samples were 
taken behind the scrubbers and behind the sprinklers, It was found that the sprinkling of water causes 40-68% of 
simple cyanous compounds to evaporate. 


Both methods of cyanide removal from the blast furnace gas are sufficiently effective and can be used in 
other plants, 
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A METHOD OF DOWNWARD-BLOWING OXYGEN INTO THE BASIC CONVERTERS 


Candidates of Technical Sciences S.I. Lifshits and S.G. Afanas'‘ev 


Petrovskii Plant, Central Scientific-Research Institute of the Iron and Steel Industry 


The shortcomings of the acid Bessemer steel obtained on blowing air through the metal are generally 
known. In order to obtain metal equal to open hearth steel in mechanical and working properties, the Bessemer 
converters at the Petrovskii plant were fitted with a basic lining and operated on oxygen blast. A diagram of the 
converter shop is given in Figure 1. 


Fig. 1. Layout of the converter shop: 1) stock yard bins; 2) transfer hoist; 3) electric trolley; 4) converter 
bins; 5) 10-ton hoist; 6) scale bin; 17) scrubber plant; 8) converters; 9) ladle cranes; 10) pouring area; 
11) mixer; 12) pig-iron buggy; 13) steel buggies. 


The pig iron is transported from the mixer to the converters by means of a special transfer car. Fluxes 
and ore are transported from the stock yard bins to the converter bins in 1.8 m® capacity boxes on cars pulled by 
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an electric locomotive. With the help of a transfer hoist the 
materials are discharged into the converter bins, At each con- 
verter, next to the chimney, intermediate bins are installed 
from which the charging materials are passed into scale bins 
where they are weighed and loaded into the converter by 
means of chutes. 


Water-cooled vessels with pipes are mounted above the 
converter nose -openings to catch the smoke and lead it into 
the gas-cleaning plant. The smoke is cleaned in a gas-wash- 
ing plant which consists of a gas washer, a Venturi tube, and 
a dust extractor. 
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The finished steel runs from the converter tap hole into 
ladles mounted on cars; the slag is poured from the nose into 
a slag pot standing on the car next to that with the steel ladle. 
Pouring cranes carry the metal ladle to the pouring area. Steel 
is then poured into the ingot molds standing on cars, 


Figure 2 shows a 20 m® converter with the water-cooled 
nose and tap holes for steel. 
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Oxygen is blown into the converter through a detachable 
L-shaped water-cooled lance with a 42 mm diameter cylindri- 
Fig. 2, 20 m® capacity converter. cal copper nozzle. The lance is lifted and lowered by means 

of a winch, a wire-rope transmission, and a system of pulleys. 

In the horizontal direction the lance is moved on a special car 
running on a structure erected between the converters. The travel of the lance in the vertical and horizontal di- 
rections is controlled from a special control panel. 


For the converter lining a magnesite -chromite, the so-called periclase-spinel (*PSh") brick, is used which 
is made in the refractory department of the Petrovskii plant. This brick differs in the method of manufacture 
from the magnesite -chromite firebrick used for open hearth furnace roofs. The firebricks for the converters are 
made of fine-ground powders and are burnt at a high tempex.ture (1700-1720°C), The firebrick contains 10-12% 
Cr,0, and 67.0-70.0% MgO. The porosity of the converter firebrick is 12-14%, the mechanical strength is 600- 
900 kg/cm? and the temperature at which deformation under a loading of 2 kg/cm? begins is 1690-1720°C. 


A 380 mm thick lining made of this refractory withstands 160-180 heats, The refractory consumption is 
15-17 kg/tons. In Austria the life of the converter lining is about 500 heats, Work is at present in progress in 
the USSR on increasing the life of the refractory used in converter linings. 


The Melting Process 


Pig iron, Pig iron grades of the following chemical composition are used in the Bessemer process (data for 
1957), in %: 


Si Mn P S 
0.5-0.8 1,0-1.8 0.07-0.09 0.05-0,08 
The pig iron most frequently used 
0.6-0.7 1,2-1.4 0,08-0.09 0.06-0.07 
The composition of the pig iron has a considerable influence upon the process. The amount of slag and its 


SiO, content depend on the silicon content of the pig iron. More slag and its increased SiO, content have an un- 
favorable effect upon the process and the life of the basic lining. 


The manganese and sulfur contained in the pig iron affect, to a considerable extent, the sulfur content of 
the steel (Figure 3). An increase in the manganese content from 1.0 to 1.8% increases the number of heats con- 
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taining up to 0.040% sulfur from 28 to 90%, while the percentage of heats containing over 0.050% sulfur falls 
from 36% to 0, When the sulfur content in the pig iron exceeds 0.70%, the metal from 37% of all heats contains 
more than 0.050% sulfur, i.e., it does not meet the technical requirements, Steel containing up to 0.04% sulfur 
can only be obtained if a pig iron containing not over 0.06% S is used. 
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Fig. 3. Graph showing how the sulfur content in steel de- 
pends on a) the manganese and b) the sulfur contained in 
pig iron. 


Ore, lime, bauxite. Ore containing not more than 10% silicon is used as a cooler, Well-burnt lime is ad- 
ded in lumps of not over 20-100 mm; the proportion of incompletely burnt material should not exceed 15%, The 
time in which the required quantity of basic slag of adequate fluidity to ensure the required degree of dephos- 
phorization is formed depends on the quality of the lime. Lime should have a minimum possible sulfur content 
and additions of fine coke. Bauxite increases the rate of slag formation and contributes to the desulfurization of - 
metal; it should therefore contain as little silica, sulfur and water as possible. 


The melting process, In preparation for blowing, 25-26 tons pig iron are poured into the converter. There- 
upon, depending on the composition of the pig iron, temperature of lining, speed of operation and the grade of 
steel, 800-1200 kg ore, 1000-1100 kg lime, and 100-150 kg bauxite are dumped into the converter. Oxygen of 
commercial purity at a pressure of 10-12 atmos is used for blowing. Its consumption is 65-80 m/min. The 
blowing lasts for 13-15 minutes, and melting (the entire process) about 30 minutes, 


TABLE 1 
Relationship Between the Phosphorus Content of Steel and the Iron Oxide Content of Slag 


Final FeO content in slag 


Characteristics uptos.0 7.1—9.0 9.1—11.0 11.1—13.0 13.1—15.0 | Over 15,1 


Number of heats 182 1529 
Percentage 4.4 37.8 
Mean phosphorus content, 

in % 0.038 0.028 


Five to six minutes after the blow was started the primary slag was poured off; its chemical composition 
was as follows (in %): 


SiO, CaO FeO MnO 
20.5-27.1 36.1-48.6 1.4-17.2 11,2-15.6 


: 
1000 333 163 161 
24.8 8.2 4.0 4.0 
0.026 0.024 0.021 0.019 | 
233 


% UT N 


701S/OFD Bets Jo Ayotseg 
x = 3 


N 


5-20 


Time from beginning of blow, min-sec 


12- 


9-20 


6-10 


3-05' 


‘of 


slag and of the metal temperature during the blowing 


process, 


E 
8 
= 
3) 
6 
> 


9D, 
“rose se sopdmes dul UT UOONIs JO 


*POUTeIqO SIOZUT Jo 910M 910 UOT jo 8 ue SLIT] jo 8eTs Jo 
"N%6LTO°O *d %LLO°O *S%9L0°0 ‘IS ‘UN %0Z°T WEEP *pessedoid Butoq Bid yo oy] (T 


¥08"0 |09°E |SZ°OT |SS°6% |220°0 |8S0°0 | 60°0 | | 
196°0 |SZ°G |O9°E |89°6I | 60°0 | OF | OSE 


d 


= 
— 


UT) 


on 
XO) 
w 


M 


YOTYM 1% 


7 z a = 
| 8 


3 
WINSUOd Ud: 


‘od 
usd. 


Ut 


gu 


Ti 


uy ‘por 
ul 


UT 
-duinsuios 


eq 


uIMOT Jo 


“duns 


% ut ‘Bets Jo uoptsoduroy % UT JO 


ssod01g BuTMOTY BuTING JO JO pue Bers pue jo om jo 
@ 


| 
600 
% 
g AN 
8 
| | 
45 
15 
, 
234 


The basicity of the slag CaO: SiO, = 1.5-1.8. 


After the slag has been removed, lime (500-800 kg), ore (300-800 kg) and bauxite (150 kg) are added, 


Ore can be added only once after the removal of slag and in two to three lots of 200-300 kg each during the 
second period of blowing. 


If ore is added at once, the cooling of the process is inadequate and the metal becomes overheated (the 
temperature exceeds 1650°C). In order to remove the excess heat,sprayed water is introduced into the converter 
together with oxygen; its quantity is 180-300 liters per heat. However, cooling with water is uneconomical 
since a considerable amount of heat is used for the evaporation and decomposition of water, It is more econo- 
mical to use this heat for the reduction of iron from the ore. Furthermore, water can cause ejections. 


When cooling is effected with ore added in several small lots as the blow proceeds, the number of over- 


heated heats is reduced and the output increases by 1.5-2.0% on account of deoxidation of the iron ore and a re- 
duction in the number of ejections. 


The iron oxides content of the slag is controlled by regulating the oxygen supply and the distance between 
the lance and the bath, If the oxygen consumption is reduced and the distance between the lance and the metal 
surface increased, the oxygen jet covers a larger area of the bath surface. This facilitates the development of 
oxidation reactions and increases the percentage of iron oxides contained in the slag. The lance is raised one to 
two minutes before the slag is removed, in order to increase its acidity and volume; and after the lime has been 
added at the start of the second period, in order to increase the percentage in the slag of ferrous oxide, which is 


a lime solvent. The lowest position of the lance is 700-800 mm above the bath surface in the calm state of the 
latter; the upper position is 1000-1100 mm. 


A rapid formation of ferrous-lime slags ensures an adequate degree of dephosphorization irrespective of the 
carbon content in the steel, If a mild rimmed steel is produced, a low phosphorus content (up to 0.040%) can be 
obtained without removing the primary slag. The phosphorus content in the steel depends on the percentage of 
ferrous oxide contained in the slag (Table 1). The formation of slag by raising the lance and reducing the oxy- 
gen consumption is a very important technological factor. 


TABLE 3 


Composition of Converter Gases 


Composition of converter gas (7%) 


n 
pressure J 
fatmos) 


tion 


O 
su 


Time sam- 
ple taken* 
con- 


Duration of 
Sample No. 


70—73{ 12 


20485] 13—00 


0. 
0. 


Note: The melting was carried out without the removal of the slag. 
* In min-sec from beginning of blow. 


The composition of the final slag varies within the following limits, in %: 


SiO, CaO 
16-22 43 -50 


| 
8—00 3.71 1.2| 89.1) 0.7| 0.6] 4.7 
20480} 16—00 10—00 4.8 | 2.0 | 83.2) — 1.8 | 8.2 
12—00 5.5 | 1.5 | 86.0) — | 2.4] 4.6 
14—45 2.4/1.6] 91.5} 1.5 ]|0.2] 2.8 
1}1-45 | 75 | 13 | 10,7| 0.9) 81.5} 3.3] 1.0] 2.6 
20483|12—45} 2 | 6—30 | 71 | 11.5] 4.2| 3.6 | 86.6) 0.3] 0.4] 4.9 
3 |10—40 te 12 6.3 1 1.71 0.4), 4.2 | 
1 |2-00 | 77 | 12.5] 11.41 1.4 80.7, 3.1] —| 3.4 
2 | 6—45 73 12.0) 4:6 1 0.4 i: 2.6 
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The basicity of the slag CaO: SiO, = 2,5-3.1, 


Table 2 and Figure 4 show the variation in the composition of the metal and slag, and in the temperature 
of the metal, during the blowing process. 


The composition of converter gases is given in Table 3, Gas was $ taken by means of a water-cooled pipe 
at a distance of about 1 m below the nose of the converter. 


The following conclusions can be drawn from the data given in the tables and diagrams, 


1, The rate of decarbonization during the first three minutes of the blow (during the burning of silicon) 
was 0.171% C/min. Later this rate increases, reaching high values immediately after the slag has been removed 
and towards the end of the blow. 


2, Oxygen consumption for the oxidation of 0.1% carbon during different stages of the process varied with- 
in a wide range. 


3. Most of the phosphorus is removed during the first three minutes of the blow. 


4, The reduction of manganese starts with the beginning of the second period (after the removal of slag 
and the formation of new slag). At the end of the process, when the carbon content is already low, manganese 
is again oxidized, forming a “hump” characteristic of the Thomas process, 


5. Silicon is oxidized in the first minutes of the blow. 


6. Compared with the initial figure the sulfur content is reduced by only 26.3%. After the addition of lime 
for the formation of secondary slag the sulfur content in metal increases slightly. 


7. The nitrogen content in metal falls as the blow proceeds, 
8. Slag of normal basicity is formed during the final three to five minutes of the blow. 


9. The increase in the iron oxide content at the end of the blow is explained by the oxidation of iron dur- 
ing the reduction of the carbon content of metal. 


10, The increase in the magnesium content of the slag during the blowing process indicates the intensity of 
the action of the liquid bath upon the lining. 


Due to the use of oxygen in 1957 the output of the converter ship was 101.5% of that obtained in 1956. In 
February 1958 the average output of the shop in 24 hours was 110 tons higher than in operation with air blast. 
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IMPROVED DESIGNS OF COOLING ELEMENTS OF ELECTRIC ARC FURNACES 


Engineers A.I, Sapko and V.P. Dobrov 


A modern steel-melting arc furnace has a considerable number of cooling elements; dependable func- 
tioning of this equipment ensures a reliable operation of the furnace and high output rates. 


Furnace stoppages caused by the failure of cooling elements (burning -out of the electrode cooling rings, 
arches and dampers of the slag door, and of the roof) represent over a half of all stoppages due to an unsatisfac- 
tory operation of the mechanical equipment of the unit. 


05720 

c 

Fig. 1. Roof ring: a) cast, not cooled; b) welded from 
an I-section; c) of 20 mm plate; 1) frame; 2) edge. 


During the past 10-12 years some leading plants developed more satisfactory designs of cooling elements. 


Roof rings. The design of the roof ring, especially for large electric furnaces, is one of the factors affect- 
ting the service life of the roof. At the “Dneprospetsstal'® plant a number of designs of the roof rings were con- 
structed and tested in actual operation. 


Cast roof rings without cooling (Figure 1a) consisting of several segments, proved unsatisfactory for large 
furnaces, Their life never exceeded three months, after which they became distorted and could no longer be used. 


Welded roof rings (design of "Siemens") with cooling inserts (Figure 2) also showed no satisfactory results 
on large units; their maximum life was six months and they required regular repairs when a new roof was made. 
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Fig. 2, Welded roof ring with cooling cavities:1) frame; 
2) cooling cavities. 


The “Dneprospetsstal'" welded roof rings made 
of an I-section with a cooling cavity (Figure 1b) had 
better operational properties and proved their suita - 
bility for use on furnaces of up to 30 tons, This de- 
sign has a smaller number of welded joints, which 
makes the manufacture of the rings easier and pro- 
longs their service life (up to two years in furnaces of 
10-20 tons capacity and up to one year in 30 ton fur- 
naces), 


For furnaces of over 30 ton capacity the roof 
Fig. 3. Roof ring designs: a) with an increased di- rings shown in Figure 1b are not sufficiently rigid; on 
ameter; b) with the original diameter. some occasions they cracked when lifted with the roof. 


In recent years the "Dneprospetsstal’ " welded 
sheet-metal roof rings (Figure 1c) showed satisfactory results in operation on over 30 ton furnaces, These rings 
have been in operation for over a year without a general overhaul. A crack in this ring can be repaired while 
the furnace is in operation. For this purpose a window is cut at the place where the crack occurred so that the 
whole internal cooling cavity becomes available for welding the crack. After the internal crack has been re- 
paired the window is closed by welding and the cavity is again filled with water. 


An increased roof ring diameter has a favorable effect upon the service life of the roof and the ring itself 
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discharge 
Fig. 4. Arch of the slag door (box type). 


0 (Figure 3), since this eliminates the possibility of a ther- 
= mal shock in the lower internal edge of the ring. 


Rat , Working door coolers, The components of the work- 
ing door include the internal arch,which supports and cools 
the lining of the top and side parts of the door, as well as 
the external frame — which is tightly pressed against the 
furnace shell and serves as a guiding rail for the working 
door damper and also cools the front part of the furnace 
shell. 


al 


Various designs of cooling parts of the working door 
were tested in operation. 


The outer frame of the box-type “Siemens” arch 


| (Figure 4) is not cooled and the side walls of the working 
door are made of firebrick. This design has the following 
> j advantages: 1) the heat loss in cooling water is low (there 
so is no external cooled frame), and 2) the burnt-out parts 
are easy to replace. However, if this arch construction is 


Fn used, the side brick pillars are often destroyed and the 
working doors no longer fit properly into the frame and the 
frame exposed to high temperatures becomes distorted, 


Fig. 5. External (a) cooled frame of the work- 
ing door and the internal arch (b) made of a Many Russian manufacturers of high-quality steel 
seamless tube. use an internal arch and the external cooled frame (Figure 
5) for the working door. The internal arch is made of a 
250 mm diameter seamless tube; the external frame is 
welded from 8-10 mm sheet metal, Because of the number of shortcomings found in operation, this arch design 


was replaced by a fabricated welded arch (Figure 6), in which the internal arch and the external frame are com - 
bined as a single unit. 


The experience obtained in the use of the combined welded arch shows that it fully meets the require - 
ments: it is simple in design, easy to replace and has a satisfactory service life. A higher heat loss through the 
cooling water due to the massive design is fully compensated by the tightly closing working door damper. The 
service life of a combined arch constructed of carefully made and properly annealed components exceeds a year. 
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Fig. 6. Welded fabricated arch of the slag door. 
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Fig. 7. Heavy-duty cooling rings (a) and welded coolers (b). 


Electrode coolers, Many different designs of electrode coolers are used in electric-arc furnaces of Russian 
and foreign manufacture, 


The Continental companies "Siemens" and "Demag" use heavy-duty cooling rings (Figure 7a) with a water- 
cooled "spider."* The use of cooling rings of this design in this country revealed a number of disadvantages and 
shortcomings: they are difficult to make, often cause short-circuiting between the ring support and the “spider,” 
the “spider” is often burnt-out, heat losses through cooling water are high, and the replacement of burnt rings 
and their concentric fixing with the electrode is difficult. In designing cooling rings all these shortcomings 
must be eliminated, If magnesite -chromite roofs are used an additional requirement is a reliable insulation 
from the current-conducting brickwork. A practical design of an electrode cooling ring meeting these require - 
ments is as yet not available, However, it can be concluded from the experience obtained in the operation of 
various cooling ring designs that the coolers of a tubular cross-section** have not been up to expectations, Apart 


* The use of a “spider” for cooling rings enables the roof brickwork to be relieved of the load due to the weight 
of the cooling rings, 
**Used by the trust "Elektropech'? 
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from the shortcomings common to all other ring designs they are complicated to manufacture, the gap between 
the electrode and the ring cannot reliably be eliminated and the ring is often lifted together with the electrode, 
which affects the strength of the roof. 


Welded coolers (light-weight type) made of sheet metal produce satisfactory results in operation with Di- 
nas roofs, A cooling ring design of shortened length (280 mm) is of interest; its use enables the distance be- 
tween the ring and the metal to be increased, and the effect of the arc to be reduced, which has a favorable ef- 
fect upon the service life (Figure 7b). 


In order to improve the service life of the electrode ring and to reduce the electrical losses, cooling rings 
are now being tested at the "Dneprospetsstal'" plant which are made of a nonmagnetic steel but have electro- 
magnetic packings. 


An examination of the results obtained in the operation of the cooling parts of high-capacity electric fur- 
naces leads to the following conclusions, 


1, In designing roof rings for large furnaces it is necessary to take into account the experience obtained in 
the use of water-cooled welded sheet-metal roof rings, Of more interest is the design of a ring with increased 
diameter (Figure 3) which enables the effect of the thermal shock upon the internal bottom edge of the ring and 
the impost to be eliminated, and also prevents water from getting into the furnace if the ring is damaged by heat. 


2. Prolonged tests showed the good properties of welded fabricated arches for the slag door (Figure 6),which 
can be recommended for use in large furnaces, 


3. Among the existing designs of electrode-cooling rings the type with a reduced length (Figure 7b) is the 
best. But even this design fails to meet the present-day requirements of the industry when magnesite -chromite 
roofs are used. 


The organizations engaged in designing and constructing electric arc furnaces must in the near future pro- 
duce, in cooperation with users, a rational design of the electrode cooling ring and its packing. 


MECHANIZED MANUFACTURE OF PLATES FOR MAGNESITE-CHROMITE ROOFS 


V.P. Emel'tianov 


Magnitogorsk Metallurgical Combine 


In recent years magnesite -chromite roofs became widely used in open hearth furnaces, The magnesite - 
chromite bricks are fixed by means of 1-2 mm thick steel plates. 


Plates which are 300-750 mm long and 140 mm wide, with two 18 mm diameter holes, are used for the 
suspension of the roof bricks, Other plates are 65-140 mm wide and have the end bent down at 90°. Some 
30,000 plates of different sizes are used in one open hearth furnace. 


Fig. 1. A semi-automatic production line for the manufacture of plates: 1) press; 2) straight- 


ener; 3) unrolling device; 4) straightening device ("arc breaker"); 5) punches; 6) gears; 7) 
frame; 8) handwheel; 9) conveyer; 10) tool assembly; 11) strip. 


Until now the method used in the manufacture of plates was not efficient. The 2000 by 800 mm sheet had 
first to be cut to strips on a guillotine shears and then cut into plates, All operations, from taking a sheet from 
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the pile and carrying it to the shears, as well as cutting it into plates of the required size, were performed man- 
ually. After cutting, the plates were packed into boxes and passed on to other machines for further operations; 
some of them were sent to the punching press for piercing and others to another press for bending the ends. The 
operator lifted plates onto the machine table one by one,and, after piercing or bending, put them back into the 
box. Before dispatching to the customer,flat plates were passed to the straightening machine for straightening 
and deburring. Eight different operators were occupied in the manufacture of the plates. 


Fig. 2. Unrolling unit: 1) frame; 2) ram; 3) ring; 4) taper drum; 5) handle; 6) pin. 


After the semi-automatic production line for the manufacture of plates for magnesite -chromite roofs was 
put into operation at the Magnitogorsk metallurgical combine, manual operations were eliminated and the pro- 
ductivity of labor and the quality of the products increased markedly. The whole line is operated by one man 
only, 


In the manufacture of plates a coiled strip is used, the width of which is equal to the width of the plate. 
The flow line includes all operations necessary for making the plates, starting from the unrolling of coils, and 
finishing with loading the finished plates into boxes, 


The semi-automatic line for the manufacture of plates (Figure 1) consists of several units linked by suit- 
able transfer devices, The sequence of operations performed by these units includes the preparation of the strip 
for straightening, piercing and cutting -off of plates. 


The strip is fed into the tool by the straightening machine, which is positively linked with the press by 
means of a gear train and is driven by the electric motor of the press. The transmission is designed in such a 
manner that,at the moment when the strip is fed into the press, the ram rises and allows the strip to pass. The 
press and the straightening machine are operated by means of a jaw clutch which connects the driving and the 
intermediate shafts of the press, The jaw clutch is operated by a hydraulic cylinder controlled by a pneumatic 
valve. It is thus possible to stop the line without switching off the motor, After punching the holes and cutting- 
off, the finished plate is carried by a conveyer to a box placed near the press. 


Since the straightening machine acts as the driving element, the unroller (Figure 2) has no drive and con- 
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sists only of a hollow drum supported in bearings. Several (three to four) coils separated by discs are placed onto 
the drum. The last disc is held in position by special concealed pins. 


A recess in the drum and the cantilever-suspension of the drum enable the coils to be placed in position 
by means of a very simple cross-bar hanging on the hook of an electric overhead crane. The cross-bar or the 
wire rope carrying the coil is led into the recess before (and removed from it after) the cail has been placed 
onto the drum. 
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Fig. 3. Rack-and-pinion mechanism: 1) sliding coupling shaft; 2) gear; 3) ana +4) gears; 5) disc; 6) rolls; 17) 
sliding coupling body; 8) bearings; 9) distance sleeve; 10) cantilever support. 


As the strip is uncoiled, the coils are shifted by the fingers so that the coil which is being unwound is 
kept in line with the guides and the working unit of the press. This is effected by means of a handle which 
moves the stops along the lead screw and is attached to the axis of the drum. After the coils have been un- 
wound, the stops are taken back to the initial position and are retracted, and a new batch of coils is placed 
on the drum. 


The straightening device (see Figure 1: 4) is intended for the preliminary straightening of the strip before 
it enters the straightening machine; it consists of three rolls and is attached to the straightening machine. The 
top roller can be raised and lowered by turning a hand wheel. In this way the strip is straightened to some ex- 
tent before it enters the straightening machine. 


The press, the straightener, and the unrolling device are mounted on a common frame made from chan- 
nels by welding. 
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The drive is transmitted from the electric motor of the press to the straightening machine by means of a 
rack-mechanism and a sliding coupling which connect the driving shaft of the press to the frame of the straight- 
ening machine (see Figure 4), The driving shaft of the press carries a crank which is pivoted to the rack. The 
pivot is designed in such a manner that it can be moved along the crank, thus altering the rate of feed of the 
strip. In order to change the length of the plate being cut, the arm of the crank is altered by moving its pin 
with the aid of a special screw. 


Rack mechanism (Figure 3). The rack is a part of the rack mechanism which is pivoted to the sliding 
coupling shaft; this is supported in bearings bushes which are retained in position by screws. The reciprocating 
motion of the rack is transmitted to the pinion which rotates the sliding coupling shaft. The coupling drives 
bevel gears, and through them the gears of the straightener. 


2190 800 


Fig. 4. Press: 1) electric motor, N = 14 kw, n= 730 rpm; 2) flywheel; 3) tool; 4) conveyer; 5) rack-and- 
pinion mechanism; 6) driving shaft of the press; 7) crank; 8) rocker arm; 9) ram. 


The use of the sliding coupling enables the strip feed to be restricted to the upward motion of the ram. 
During that period the rolls 6 (Figure 3) are locked between the disc 5 and the hardened sleeve pressed into the 
body of the sliding coupling 7.. The sleeve is retained in the body by means of a key, and the body itself is also 
held on the shaft by a key. The mechanism is protected against dust by a casing fitted with packing. 


The shaft journals are supported in bearings having bushes and lubricators, A spacer is inserted between 
the bevel gear and the bearing. The rack box and the sliding coupling are mounted on a cantilever support at- 
tached to the press frame by means of sheet-steel members. The return stroke of the rack unlocks the rolls and 
the shaft freely rotates in the sleeve of the stationary bevel gear. 
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Fig. 5. Tool: 1) top part; 2) punches; 3) cutting-off 
tool; 4) wedge-shaped bending tool; 5) bottom cutting- 
off die; 6) bottom part; 7) support; 8) bottom die; 9) 
plate; 10) guiding box. 


Thus, during the downward stroke of the ram, i.e., during the cutting-off and piercing of the plate, the 
straightening machine is at a standstill, while during the reverse stroke it straightens the strip and feeds it into 


the machine, During the trial period the sliding coupling was replaced by a more reliable pawl coupling (not 
shown in Figure 3). 


The press (Figure 4) and the equipment linked with it are driven by one electric motor mounted on the 
press frame on a cantilever support. A belt connects it with the flywheel and a pair of gears. The driving shaft 
carries the crank which operates the tool. The crank activates a rocker arm which, in turn, sets into reciprocating 
motion the ram which moves in guides welded to the press body. The bottom end of the ram carries the tools. 
The bottom dies of the tool are mounted on the press worktable. A conveyer which carries the finished plates 
to the box is attached to the bottom die. The conveyer is driven by the electric motor through a pair of gears 
driving the conveyer drum. The working surface of the conveyer is formed by a number of V belts running be- 
tween two drums, Special guides control the motion of plates on the belt. 


The tool (Figure 5) consists of a number of cutting-off, bending, and punching dies mounted in a definite 
sequence. The ram carries a punch for piercing the hole and a cutting-off die at a certain distance from the 
punch in the direction of the movement of the strip. If necessary, the punches are replaced by a wedge -shaped 
bending tool for bending the end of the plate. The bottom part of the tool carries a cutting-off die and a sup- 
port with the bottom piercing die and a plate for holding the strip. The strip is guided during its motion by pins 
and a guiding box. In addition, the box carries a special guide (not shown in Figure 5). 


The installation of the semi-automatic production line increased productivity in the manufacture of 
plates about five times, 
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ROLLING AND ROLL ‘DESIGN OF A LIGHT-SECTION FLANGE RING 


B.M. Iliukovich 
Senior Roll Designer at the Chusov Metallurgical Works 
The 250 cross-country -type mill at our works consists of a three-high reduction stand, two roughing stands 


and seven alternating two-high stands in the finishing train, The rolls of the finishing line have 550 mm long 
barrels and are made of cast iron. 


The ordinary flange ring (Figure 1) was rolled in thirteen passes, all but the last two stands being employed. 
The initial material was a 95 mm square billet, 1.9-2.0 m long and weighing 135-140 kg. 


31,752! 


85°45 


Fig. 1. Final section of the ordinary flange ring: 1) leg; 
2) nipple; 3) heel. 


Owing to the inadequate length of the cooler, the bar was cut in two pieces before the roughing line. The 
roll design for rolling the ordinary -type flange wheel (Figure 2) had the following defects: 


1) incorrect position of the shaping passes, as a result of which the vertical surfaces of the heel and the 


nipple, which constituted the supporting parts in the assembly of the automobile wheel, came out of parallel 
alignment; 


2) the shape of the pre-finishing (fourth) pass of the third line, the pass involving the live hole for the leg 
of the section, caused a variable degree of filling and an increasing thickness of the leg as the bearing cone of 
the third stand wore down. As a result, there was a considerable diversity in the length of a finished section, 


tolerance limits in the thickness were not maintained, and an irregular and excessive wear of passes and bearing 
cones in the finishing stand took place. 


When the rolling of the light-section flange ring according to the PR-51-3101027 specification 
drawing (Figure 3), which provided for a 20-22% reduction in weight, was introduced, the "Krasnyi Oktiabr’” 
Works" pass design was adopted as the basis for the new design, and the defects mentioned above were eliminated, 
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Fig. 2. Dimensions of templets of the finishing line of 
the 250 mill for rolling the ordinary flange ring: 1-5) 
passes, 
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Fig. 3. Light-section flange ring: 1) leg; 2) nipple; 3) 
heel, 


i.e., an opposite position of the live holes and a different construction of the pre-finishing pass was adopted. The 


final dimensions of the passes are given in Figure 4, and the position of the grooves on the rolls of the finishing 
stand are shown in Figure 5. 


In spite of past experience in the rolling of the ordinary flange ring, considerable difficulties were met by 
the works during the initial period after the adoption of the new section and on the change-over to large-scale 
production and delivery of light-section flange rings. 


1, In the passes of the third train, starting from the first stand and ending in the final pass, as a result of 
the nonsymmetry of the passes, variable speeds,and some deviations which occur in the course of roll adjust- 
ment and rolling of the actual dimensions from the designed ones, the rolled section was twisted in the direc- 


tion of the leg (toward the drive), This caused irregular and nonuniform filling of the passes, and in some cases, 
undercutting and other defects, 


In the heel corners at the roll joint, incomplete filling and pin formation was observed along the rolled 
piece. The effect of twisting on the final section increased with the approach to the finishing stand. 


Correction of the roll design proved to be very difficult and would hardly be successful. Therefore, enter- 
ing equipment was accurately made and carefully installed, and a systematic control of the technological pro- 
cedure was introduced. Worn passes were replaced early. For instance, the left groove, corresponding to the up- 
per part of the pass on the second stand is replaced after rolling 150-170 tons of metal, Special tempiets were 
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Fig. 4. Dimensions of templets for rolling of light-section flange ring. Dotted 
lines indicate the original version of the pass design. 


Fig. 5, Position of the grooves on the rolls of the final stand for 
rolling light-sectian flange ring. 


made for checking of passes, Entering guides are adjusted in the vertical and horizontal directions by means of 
SCIEWS, 


The entering guides, while ensuring the correct positioning of the piece with respect to the pass during the 
passage between the rolls, did not eliminate the twisting which, however, no longer affected the filling-up of 
the passes and the quality of the section. 


Tightening of the rolled piece between the upper guide and the base (on the recommendation of the "Kras- 
nyi Oktiabr'" Works) in the finishing stand has hardly affected the twisting , but marks from tightening appeared 
on the finished product. It was necessary, therefore, to modify the design of the delivery channel by fitting, at 
the top on the open side, two mild steel plates in such a way that the vertical distance from the bottom of the 
channel to the plates was slightly less than the height of the section,and the twisting was lessened. The plates 
are fixed on one side only so that some adjustments can be made in the course of rolling. 


2. Manual introduction of the piece, interrupted rolling, contact of the piece with the brick floor and vary - 
ing rate of rolling caused a difference in the temperature of various pieces and along each piece. 


The rounded-off corners of the heel in the third and fourth passes had to be dispensed with as they caused 
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nonuniform filling in the corresponding places between the subsequent rolls; they were replaced by a straight 
chamfer, This made the adjustment of the mill considerably easier. 


3. Because of an imperfect design of the heel grooves in the fourth (pre-finishing) pass, defective flange 
rings were obtained even after the modifications described above were carried out. 


Overfilling occurred, fins were formed in the gap between the rolls and were not eliminated in the finish - 
ing stand, Some underfilling remained on the final product and a large amount of it had to be rejected. 


In 1957, a new rational design of the heel groove in the pre-finishing pass was tested; the end of the heel 
was made thicker, i.e., with a triangular extension of 0.8 x 3.0 mm on the bottom roll (Figure 4). With the 
heel being 8.4 mm long, the small magnitude of the oblique part does not affect the position of the entering 
piece with respect to the center line of the rolls of the finishing stand. 


In the bottom corner of the heel a substantial local deformation takes place and it results in a good filling - 
up of the pass. Some underfilling of the taper extension in the fourth stand has no effect on the final product. 


The filling-up of the upper corner is easily controlled by the thickness of the heel in the pre -finishing 
pass as the position of the upper oblique part allows for the required filling-up of the upper corner (independent 
from the bottom corner) of the final section by adjusting the amount of reduction. 


The gaps at the heels between the rolls in the pre-finishing and finishing stands were reduced to 0,2-0.3 
mm in the working position of the rolls, 


4, The symmetry of the section and high reductions on the formation of the leg caused the wearing out of 
the bearing cones, displacement of the rolls and thickening of the leg up to and exceeding the positive tolerance 
limit of the dimension of the final product. In order to eliminate this, the bearing cones of the fourth and fifth 
stands are shifted sideways up to direct contact, after a preliminary machining of the rolls. Then, the grooves 
are finally trimmed. Furthermore, when the leg grooves of the outer passes of the third stand are machined, 
they are made slightly narrower than the templet. After the rolling through the middle passes, the thickness of 
the leg grooves of the outer pass is increased, depending on the wear of the bearing cones, to the required value. 


Steel rolls are employed in the first stand and cast iron rolls in the remaining stands of the third train. The 
upper roll of the finishing stand is shaped, 


The cause for the roll change in the first stand is the tongue wear ,which creates poor conditions for grip- 
ping the piece in the second stand, The passes of the second, third, and fourth stands are replaced because in 
the process of rolling the thickness of the leg increases with the wear of the bearing cones and, in addition, the 
taper of the upper corner of the heel in the fourth stand becomes irregular. 


More exacting requirements are made on the rolls of the finishing stand and here the passes are replaced, 
in the main, when: 


a) the erosion of the grooves becomes apparent and the surface of the product becomes coarse; 


b) the fluctuations of the thickness of the leg in one revolution of the rolls exceed the positive tolerance 
because of irregular wear (nonuniform structure) of the pass surfaces which form the leg. 


After the change-over to the production of the light-section flange ring, the output of the mill has not de- 
creased and constitutes, on the average, 70 tons per shift, in spite of the weight reduction of the section. 


The right pass design, the simplicity of the adjustments and the stability of the dimensions of the sections 
in the course of the rolling process allow a further increase in output. Even now, during some hours, the output 
amounts to 15-16 tons per hour. 


The short life of the rolls and an inadequate output capacity of the hot-cutting press have a negative ef- 
fect on the mill productivity. 
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ROLLER GUIDES ON THE 250 WIRE MILL 


B.M. Maksimov, N.P. Zhetvin, A.A. Ivanoy and G.V. Babkov 


"Serp i Molot” Works 


During the last five years, instead of the sliding guides previously employed on the finishing stands of our 
medium -section mills for rolling rounds of 30-65 mm diameter, roller guides have become extensively used. 


Roller guides have the following advantages compared with frictional guides: 1) there is no sliding fric- 
tion; 2) rolling of sections of various sizes is possible with the same rollers; 3) scratches and fins on the surface 
of the rolled piece are completely eliminated; 4) the idle time of the mill is reduced markedly in connection 
with the long life of the guides and an easy and quick change; 5) the work of the operators on manual entering 
of the rolled piece is facilitated. 


At the "Serp i Molot" Works, roller guides were introduced on the light-section mills for rolling the sec- 
tions of 8-28 mm diameter, 


Great difficulties were experienced in the adoption of roller guides at the wire mills for rolling wire of 
5-8 mm diameter, the difficulties arising in connection with the high-rolling speed of these mills (8-9 m/sec on 
cross-country mills and up to 32 m/sec on continuous mills), 


The task was made still more difficult because the roller housing itself had to be small enough to allow for 
the installation of 6-8 such housings on the finishing stand, 


Therefore, while the roller guides with two pairs of guiding rollers are quite satisfactory in operation on 
light-section mills, they are unsuitable for wire mills, owing to large clearances and complicated adjustments, 


In the rolling plant of the "Serp i Molot" Works a 250 wire rolling mill of a cross-country type, comprising 
three trains with four stands in each, has been installed. The mill is employed for rolling 5.25-12.0 mm wire 
rod, Square billets are moved from one stand to another by means of the transfers, and oval sections are trans- 
ferred manually by operators. 


The range of steel rolled on the mill is very wide: low-carbon (Armco type), medium carbon, tool steel 
(U7-U13), austenitic and ferritic grades of stainless steel 1Kh18N9T type, furodit, _ fire resistant, high-speed, 
free -cutting, ball-bearing and other steels, 


The requirements with regard to the quality of the surface of the wire rod are very high,as 70-75% of it 
goes to drawing mills for various size wire production where any scratches or seams cannot be tolerated. 


In 1954, the Works, in conjunction with the Moscow Steel Institute, developed sliding guides which were 
resistant to wear and to metal adhesion. An alloy which satisfied these requirements was found. In spite of the 
good quality of the guides, however, the scratches and fins on the final product could not be completely elimin- 
ated, 


As a result of study of the data in the literature on the subject, a roller housing (general view and details 
shown in Figures 1 and 2) was designed. 


The housing is simply and conveniently fixed to the block. The guides can be quickly dismantled when re- 
quired. When the nut is released the bolt with the bracket can be freely moved aside and the housing removed. 


Such a method of fastening allows a quick and 
accurate adjustment of the guiding equipment. 


For the roller housing of the 8th stand, enclosed - 
type bearings, No. 80203, and for the 12th stand — 
No. 80200,were chosen. The enclosed-type bearings 
operate on works lubricant for about six months with- 
out needing to be opened and require no additional 
lubrication in the course of operation. Moreover, the 
enclosed-type bearings are protected from scale and 
water and this is especially important under the con- 
ditions of rolling-mill operation. 


The mounting of the roller on two bearings en- 
sures the stability of the arrangement in the vertical 
plane as well as extending the service life of the 
bearings. 


The bearings Nos, 80203 and 80200 may be re- 
placed by Nos, 60203 and 60200 bearings with one lid; 
in that case, however, on assembling they should be 
placed with the lids toward the outer side of the roller. 


Wa For periodical lubrication of the bearings during 
Uy, VAX the operation, there is a channel in the axle of the 
Ws roller. After lubrication the channel is closed with 
a threaded plug. 


To facilitate the entry of the piece between 
the rollers and to protect the roller from shocks when 
loops are formed, guiding funnels are mounted in the 
central part of the housing. The funnel, like the rol- 
lers, is cast of chrome-nickel-tungsten steel, highly 
resistant to wear and to metal adhesion. Its chemical 
composition is (in %): 


Cc Mn Si Cr Ni 


Fig. 2. General view and separate parts of the 1,8-2.2 0.8—1.2 0.5-1.0 23-25 1.5-2,0 
housing with roller guides; 1) body; 2) guiding 


funnel; 3) flat plate-springs; 4) vertical axes; 5) bed 
rollers; 6) spring ring; 7) bearings; 8) channel 1.0-—1.3 0.3-0.6 Below Below 
for lubrication; 9) block; 10) bracket; 11) cheese- 0.045 0,05 


head bolt; 12) nut; 13) side bolts. 
) Ovai passages 2,0-2.5 mm wider than the rolled 


oval section are machined in the guiding funnels. Ow- 
ing to the passages, the piece can be easily entered between the rollers and fin formation prevented. The space 
between the rollers is adjusted by means of the side bolts,which rest on the guide funnel and move the rollers 
away from, or nearer to, each other. 


The grooves are machined according to the templets and to the curvature of the oval section rolled. 


The depth of the groove on the roller constitutes 20-25%,and the gap between the rollers about 50%, of the 
thickness of the section rolled. 


When the rollers were first introduced they were made of ShKh15 steel. After quenching and tempering, 
their hardness was quite high but their service life did not exceed 16-18 shifts. To increase their wear-resistance 
and extend their service life, these rollers were replaced by ones cast from chrome -nickel-tungsten steel of the 


composition given above. Their hardness is 400 Hp. The service life of the roller guides increased to 40-45 
shifts, 
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Fig. 3. Universal roller housing: 1) guide block; 2) bell; 
3) key; 4) funnel; 5) transfer, 


At present, roller housings are installed at the 250 mill on the 8th and 12th stands on the side where the 
rolled piece is inserted by hand. They can however, be used on the side of transfers if a unit of the design 
shown in Figure 3 is employed. 


Owing to a transition bell with a key, the stoppage of the mill, in a case of loop formation at the end of 
the rolled wire rod, can be shortened without dismantling the whole unit. The key is driven off and the bell re- 
moved to the right. A free access to the wire is provided, the wire is cut,and the loop removed through the bell. 


riba 


aN 


Fig. 4. Roller guide with two pairs of rollers. 


Guides of this type can be employed either for manual operation or for use with mechanical transfer equip- 
ment. 


At the "Serp i Molot" Works, on the 450 and 300 mills, roller guides with two pairs of stationary rollers 
(Figure 4), which proved to be unsuitable for the wire mill because of bulkiness and other defects, are used. 
Operational experience showed that these guides require an extremely precise adjustment and do not allow for 
any deviations from the axis of the pass. The presence of more than one pair of rollers makes the system un- 
wieldy; vertical and horizontal movements of the rolled piece are very limited, When the multi-roller guide 
is not accurately adjusted, the entry of the piece is very difficult and the piece leaves the stand with a one- 
sided fin; on rolling of small sections (wire mill), inaccurate adjustment of multi-roller guides causes looping 
of the rolled piece, fast wear of the rollers and bearings,and even breakages. 
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When the multi-roller guides are to be used with mechanical transfers the design of the unit and method 
of fitting become cumbersome and unreliable in operation. 


The guides with one pair of rollers are free of these defects because the piece is adequately loose inside 
the guides and can adjust itself into’one line with the axis of the pass in the plane of contact with the rollers, 


During the testing of the guides with one pair of rollers, experiments were made in which the guide hous- 
ing was deliberately set not in one line with the axis of the pass, but somewhat to the right, to the left, above, 
or below it; however, the quality of the rolled product remained unaffected — the section was perfect, the piece 
not looped, the entry no more difficult, although the wear of the rollers was not uniform. 


The flexible positioning of the rollers on the plate springsallows the rollers to draw apart when a colder 
piece is rolled. 


This is the main difference and advantage of guides with one pair of rollers compared with multi-roller 
guides, 


The adoption of the roller guides resulted in an improved surface of the wire rod, a reduction in the 
amount of defective and second-grade material, an increase in output, easier work for the operators, a reduction 
in mill stoppages and savings in expenditure on guide manufacture. 


The life of the pair of rollers made of chrome-tungsten steel is at present 40-45 shifts in the 2nd train of 


the 250 mill for the rolling of 8-12 mm rounds, and 18-20 shifts in the 9rd train for the rolling of 5.25-7 mm 
rounds, 


ELECTROSTATIC METHOD OF PAINTING AND LUBRICATING OF TUBES 


Iu.A. Mednikov and G.K. Strizhak 


Cheliabinsk Tube Works 


The method which has been extensively employed in recent times for painting finished articles in an elec- 
tric discharge field consists of establishing, between a set of electrodes (one of which is the article and the other is 
made up of corona-discharging electrodes) a high electric field strength by means of a negative charge of the 
corona electrodes, Under the action of high voltage near the electrodes, corona discharge takes place and results 
in the ionization of the air molecules in the space between the electrodes and the article. 


Paint is dispersed in the electric field by means of a sprayer, the paint particles become negatively charged, 
move along the lines of force in the electric field and settle in a uniform layer on the article being painted. The 
painting mixture may be dispersed in the electrostatic discharge field either by pneumatic sprayers or by electro- 
mechanical cup sprayers, When the cup sprayers are employed, the discharge electrodes are dispensed with and 
the high-voltage current is carried directly to the sprayers. The paint is dispersed under the action of centrifugal 
force and on breaking away from the charged rim of the cup it becomes negatively charged. 


To study the possibility of painting the tubes in an electric discharge field, experiments were carried out 
with tubes of various grades. 


Tubes 325 x 10, 377 x 10, 426 x 10 and 465 x 15 mm, manufactured on pilger mills, were painted with 
bituminous and asphaltous mixtures of bitumen V and III, varnish No. 177, varnish AL-177, and treated with resin. 


Tubes 83 x 4, 89 x 4 and 102 x 4 mm, made on automatic mills were covered with the same material 
and given a top coat of urea-formaldehyde enamels UE-15, UE-20 and enamels of the types FSKh-15, FO-16 on 
a phthalic base, 


With %, %%, 1, 1'%, 1'4, 2, 24%, and 3 inch diameter gas pipes, made of hot-rolled skelp on the continuous 
pipe -welding mill as well as with electro-welded tube made of pickled and hot-rolled skelp, 12 x 1.5, 22 x 1.5, 
33 x 1.75, 40 x 1.75 and 51 x 1.5 mm, experiments were carried out on treating with resins and on painting 
with color enamels, 


Because of the small size of the spraying chamber (Figures 1 and 2), it was not possible to carry out tests 
on painting large-diameter electro-welded tubes; sections cut from the 720 x 9 mm tubes, made from hot rolled 
sheet, were coated with bituminous paint. The coat was put on the tubes by spraying in the electric discharge 
field while a conveyer with suspended tubes moved at a velocity of 1.2 m/min through the spraying chamber. 
Tubes with and without a chemically-treated surface were painted. A few tests were made on painting heated 
tubes. The paint was not heated. The preparation of the surface consisted of consecutive treatment of the tubes 
with 10% caustic soda solution and washing with hot water under showers. Prior to painting, the degreased tubes 
were dried in a chamber provided with electric heaters,as were the painted tubes — in a chamber kept at 100°C 
and provided with steam heaters, 


During the investigation it was necessary to determine the effect on the quality of the coating of the meth- 
od of tube manufacture, the condition of the surface of the tubes, the composition of the paint, the electric para- 
meters of the discharge field and the respective positioning of the tube, sprayers and discharge electrodes, The 
quality of the coating was evaluated on the basis of comparative tests on its uniformity, corrosion resistance and 
the adhesion of the film to the metal. 


= 


End of drying chamber 


Fig. 1. Layout of the equipment in the electrostatic-painting spray chamber: 1) high-voltage transformer, type 
VUKS-150; 2) discharge electrode grids made of 1500 x 1100 mm tube frames with stretched Nichrome wires; 
3) discharger for removing residual charge from the electrode grids; 4) limiting resistance of 600,000 ohms; 5) 
pumping equipment with two automatic sprayers (about 60 strokes per minute); 6) paint sprayers with magnetic 
switch and micrometer -screw jet control; 17) paint delivery tank of 50 liter capacity with a reducing valve and 
a small air-turbine for continuous stirring of the solution; 8) oil run-off with a reducing valve and a felt filter; 
9) electropneumatic switch for sprayer control. 


The experimental results are given in Table 1. 
The tests with 5% CuSO, solution on the continuity of the bituminous coatings gave satisfactory results. 


The anti-corrosion resistance of these coatings in 3% NaCl solution constitutes about 80-120 hours. The 
durability of the tube coatings in which white spirit was used as the solvent was somewhat lower. 


All samples subjected to adhesion tests gave satisfactory results; there was no peeling-off. Approximately 
74 g of paint should be used for 1 m? of the surface painted, 


The results of tests on oilless painting of tubes and subsequent oil treatment in the electric discharge field 
are shown in Tables 2 and 3, 


The work carried out shows that corrosion-protective and decorative coatings can be successfully applied 
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TABLE 3 


Oil-Coating of Tubes By Means of Spraying in the Electric Discharge Field 


Temper- Coating Field parameters Drying 

ature of | material | solvent viscosity | voltage, kv} distance | air pres- | temp., time, 

tubes, °C on VZ-4 ' between sure, a hours 

scale, sec electrodes} atmos 
and tubes, 
mm 
18 Paint ve- = 35 110-120 |300 0.5-0.6 20 12 
hicle, 
drying 
oil 
18 Paint ve- | White 15 110-120 |300 0.3 100 2 
hicle, spirit 
drying 
oil ‘ 
18 Lubricat- = 35 110-120 {300 0.5-0.6 
ing oil 
18 Spindle = 15 120-130 {300 0.3 = saa 
oil 
_ by means of spraying in the electric discharge field. 
_ Paint consumption is then considerably reduced and 
ul 7 The tests,moreover, have shown that several 
tubes, moved in parallel, can be painted simultane - 
Rinne ously. The tubes can be placed in two, three or 
Pare -3 more rows depending on the diameter of the tubes, 
hacia the size of the chamber and the strength of the field. 
Quite satisfactory tests were made with eight parallel- 
- moving tubes of 12 mm diameter, at a distance of 
50 mm between each other and with the sprayer 
placed underneath. 

The most effective positioning of the sprayers, 
electrode grids and tubes is that in which the dis- 
tance between the electrode grids and the tubes is 

7—~ within the limits of 200-300 mm, and the distance 
between the tubes themselves is 100-200 mm, the 
wy tT middle tube being not further than 400-500 mm from 
the electrode grid. 
~ 220 The quality of the metal surface had no 


marked effect on the strength of bonding between 
the bituminous coatings and the surface of the metal. 
The adhesion was satisfactory in all cases investi - 
gated, 


Fig. 2. Circuit for electrostatic painting: 1) VUKS- 
150 transformer; 2) corona grids; 3) discharger; 4) 
limiting resistance; 5) kenotron; 6) heater trans- 
former; 17) control autotransformers; 8) capacitor; 


9) articles painted, Petrol and solvent-naphtha or a mixture of 


solvent-naphtha with xylol should be regarded as the 
most suitable solvents, They ensure the most uni- 
form distribution of paint on the surface of the article and a very quick drying. 


In addition, tests on the application of coats, in the spraying chamber, on pipe joints with an internal 
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thread, such as sockets, tee-pieces, reducers, etc, were carried out. 


On the application of a coat of paint on complex-shape articles by means of the electrostatic method, an 
incomplete coverage of internal surfaces was observed. The method may be used for painting of sockets, tee- 
pieces and other jagged articles with an internal thread where an internal coating is not required. 


LETTER TO THE EDITOR 


The recent development of the chemical industry, jet and rocket technology and turbine and tool indus- 
tries confronted the metallurgist and the metallographer with the task of working out the technology of the pro- 
duction of steels and alloys which would be suitable for service at high temperatures, in corrosive media and at 
high pressures, A more or less successful answer to the challenge of modern technology was found in the appli- 
cation of steels and alloys containing chromium, nickel, cobalt, molybdenum, tungsten, titanium, aluminum 
and others. However, successful use cannot be made of the advantages offered by complex combinations of 
these elements in all cases. This is so because industrialists and research workers do not hold identical views on 
further improvement of the technology of the production of stainless and heat-resistant steel and alloy plate. 


Being aware of the great importance of the problems of the development of stainless and heat resistant 
plate production, the All-Union Conference of Rolling Mill Operators recognized, as early as 1955, the necessity 


of arranging in the shortest possible time a special conference on the production of stainless and fire-resistant 
plate. 


Since the Conference of Rolling Mill Operators, the production of stainless and fire-resistant plate has in- 
creased considerably but the experience of the works has not been studied. 


The most effective technological methods have not been developed and each works approaches the carry- 
ing out of this or that operation in the production process in its own way. 


Under such conditions, different qualities and properties of steels and alloys of the same grade are encoun- 
tered, 


The lack of equipment standardization results in a high amount of defective product, high cost of produc- 
tion and what is mast important, is not conducive to achieving the best properties of the metal, We think that 
the editors of the journals "Metallurgist" and "Steel" and the Scientific Research Society of Metallurgists should 
convene an All-Union conference on stainless and heat-resistant steel sheet production. Works personnel, scien- 
tific research institutes and some consumers should take part in the proceedings of the conference. 


N.P. Zhetvin 
Head of the Central Works Laboratory 
at the "Serp i Molot" Works 


Editor's note, The Scientific and Industrial Society of the Iron and Steel Industry in conjunction with GNTK 
SSSR and Gosplan SSSR have started preparations for the All-Union Conference of Rolling Mill Operators on the 


plate rolling industry, which is to take place in November of this year. The problems raised by the author will 
be discussed at the Conference. 
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ORGANIZATION OF PRODUCTION QUALITY CONTROL IN 
THE OPEN-HEARTH AND BESSEMER PLANTS OF THE SOUTH 


G. P. Peichev and N. S. Kormilitsyn 
VNITOCHERMET 


In the article “Organization of Production Quality Control" by N.P. Inozemtsev, 
Ia.I, Sokol, LF. Rysev, D.A. Tarasenkov and S,I. Zamiatin, published in "Metallurgist" 
No. 9, 1957, the problem of OTK*staff reduction and of the increased responsibility of 


plant personnel for the quality of production was raised. We publish comments on this 
article, 


Since the time when the Departments of Technical Control were set up at the works, there has been a 


marked advance in the qualification of plant personnel, and the existing system of control and inspection no 
longer corresponds to present industrial requirements, 


On the basis of the example of the OTK rolling section, the employees of the "Serp i Molot" Works (Met- 
allurgist, No, 9, 1957) are proposing, quite rightly, to change the system of technical control. 


How diverse the forms of the process control organization in different plants are is shown by the compari- 
son of the control methods at the Makeevka, Stalino, Dzerzhinsk, Liebknecht and Petrovsk Works. The compari- 


son was made in the separate sections of the steelmaking process, i.e., the preparation of the charge, the prepara - 


tion of molds and stationary runners, the steel making and steel pouring, the ingot inspection and defect removal 
and the storage of ingots. 


Preparation of the Charge 


At all the five works, the charge materials in the open-hearth and Bessemer plants are accepted by the 
plant personnel, and the OTK control is abolished; at one works (Makeevka Works) liquid pig iron is controlled 
by a special controller in the mixer section; at three works there is periodical control by OTK (there are no spe- 


cial controllers); at one works (Liebknecht) there is no OTK control on the plant — cold pig iron is received 
from storage. 


Preparation of Molds and Runners 


At one works the post-operational control has been abolished since July 1, 1957; at three works the con- 
trol exists formally on all the operations; at one works (Petrovsk) the inspection of steel pouring is carried out 
by the controllers, depending on the time available. 


Steelmaking 


At one works the OTK control in the plant has been abolished; at another (Makeevka) the operational 
control is maintained on the operations beginning from the time of the melting of the charge to the tapping; at 
three works it is virtually maintained on the operations from melting to tapping, and at one works — on all oper- 
ations, 

Steel Pouring 
At one works (Liebknecht) the OTK control has been abolished and the plant personnel — the senior pourer 


* Departments of Technical Control — Publisher. 


—— 


and the foreman — is responsible for steel pouring; at four works there are OTK controllers, 


Ingot Inspection 


Ingot inspection is carried out by OTK controllers at all the works. There is diversity in the number and 
type of report forms on the inspection. An exception is Form No. 29 on the quality of production issued and ap- 
proved by the TsSU under the Council of Ministers of the USSR. 


Information provided by the OTK shows that at the various works there are from 6 to 16 forms on stock 
taking and reporting in the steelmaking section. 


Without any justification, the existing control system has been made much more extensive than provided 
for in the standard instructions on steelmaking. Thus, in the standard instructions the OTK control is provided 
for only on the sampling of pig iron, slag removal from the mixer,and charging operations; in the steel-pouring 
process the OTK control is envisaged only on the preparation of molds and runners. However, the technological 
instructions on steelmaking at the Stalino Works say that "the time when the refining is to be commenced is de- 
termined by the open-hearth plant foreman together with the OTK foreman,” and at the Makeevka Works it is 
stated that “the supervision on carrying out of operations is the responsibility of the head of the plant and his 
deputies as well as of the head of the OTK section and OTK foreman and controllers.” 


The present system of control lessens the authority of the foreman and relieves him of the responsibility 
for defective production. The study of the organization of technical control at the Stalino Works showed that, 
except in rare cases, the qualifications of the OTK controllers and foremen were lower than those of senior oper- 
ators and foremen at the plant, 


It is pointed out in the report of the inter-works course on the study, evaluation and introduction of ad- 
vanced practices of control organization on processes and the quality of production at the integral iron and steel 
works that one of the main reasons for the poor preparation of molds and hot tops is the attempts of the OTK 
controllers to carry out inspections between separate operations. This relieves the plant personnel of the respon- 
sibility for the break-through of the metal because the suitability of the molds for pouring is attested to writing 
by the OTK inspectors who give permission for them to be delivered to the pouring bay. 


Since the end of 1956, such extensive control by the OTK personnel began to be curtailed at many works, 


The control on certain stages of the process was either fully or partly abolished, or the OTK staff was re- 
duced on the basis of the time-study of the working day of controllers. The control methods and procedure, how- 
ever, as outlined in the OTK regulations and instructions, were not revised and modified. 


Because of the level of his qualifications, the OTK controller cannot have any influence on the rectifica- 
tion of irregularities in the production process and his function is limited only to the recording of irregularities. 
Thus, for instance, in nine months of 1957, the OTK staff of the open-hearth plants at the Makeevka Works re- 
ported 1701 violations of the technological process in plant No, 1 alone (321 cases of too soft charge, 412 of low 
slag velocity, 235 of unsatisfactory deoxidation, etc.). | 


At the Dzerzhinsk Works, in nine months of the last year, the number of reported cases of violations of 
technological procedure which could not be rectified was even greater than at the Makeevka Works, The largest 
number of violations was recorded on incorrect proportioning of the charge and on slag treatment. A similar situ- 
ation prevails at the Petrovsk Works. 


All these figures confirm once more that the controller cannot prevent the violations of the technological 
process soon enough and is only putting them on record, The plant personnel, on the other hand, having no re- 
sponsibility, make no effort to eliminate these violations, 


The records of the personne) departments of the Stalino and the Makeevka Works confirm that with regard 
to qualifications and status, the staff of controllers in the open-hearth section of the OTK is considerably behind 
the operational plant personnel, 


The study of the organization of technical control showed that the present lack of systematization of the 
control of technological processes at several works is caused by the revision of the duties of controllers on the in- 
spection of products and on the control of methods and operational procedure. 


Thus, in the present control organization, the controller posts in the charge yard have been abolished and 
the charge is accepted and inspected in the open-hearth and Bessemer plants by the plant personnel. The post- 
operational control on the preparation of molds requires a large number of controllers, and, while having no 
practical advantages, provides the foremen on mold preparation with an excuse to blame inadequate control for 
faulty ingots due to surface defects, 


In July 1957, the post-operational control of the preparation of molds at the Makeevka Works was abol- 
ished and the control duties were transferred to the plan personnel, In December, however, the control was 
again restored ,but only in formality; one controller in a shift for the supervision of the mold preparation sections 
cannot effectively carry out the post-operational control, i.e., check all the finished work. The charging opera- 
tions are not checked; the controllers simply record this operation in the logbook on the basis of information 
given by the operators and from the available records, very often without even checking the quantity of materials 
charged into the furnace. Hence, there are cases of abnormally low output of acceptable products, e.g., the out- 
put of acceptable product from some heats at the Makeevka Works was, in %; 81.8, 82.5, 78.0, etc. 


The standard technological instructions contain no provision for operational control during the melting 
and the refining periods, The main duty of the controllers at the open-hearth furnace is to complete the heat 
sheet. The OTK of the "Zaporozhstal” Works considers that this cannot be done by the plant foremen as they 
would fill in the heat sheet incompletely and carelessly. At all electric steelmaking works, however, where a 
heat lasts a much shorter time and where a large number of sheets has to be filled, this is done by the plant 
foremen. 


The standard technological instructions do not envisage control by the OTK personnel on metal pouring. 
At the Liebknecht Works the OTK control on pouring operations was abolished more than a year ago and is ef- 
fected now by the senior pourer and the foreman. 


In the technological instructions at the Petrovsk Works it is particularly stressed that the foreman is re- 
sponsible for the pouring. That this approach is the correct one has been confirmed by the All-Union Conference 
of Steelmaking Plant Operators. 


In conclusion, it should be pointed out that to give added responsibility to the production personnel it is 
necessary to change the system of technical control, in particular at the open-hearth and Bessemer plants, by 
making the plant heads and the shift personnel responsible for the observance of technological procedure on 
steelmaking and pouring, for the correct designation of the heats, for keeping all technological documentation, 
for the proper preparation of charge materials, molds and runners for each heat. 


The works laboratories should establish daily checks on how the technological instructions are observed by 
the plants in order to investigate and rectify any irregularities or confusions in the technology of steelmaking. 
Therefore, the technology sections of the laboratories should be strengthened with the best-qualified staff out of 
those OTK workers who are made available for other work. 


The OTK should be responsible for the inspection of finished products which are sent away or delivered to 
another plant for further processing. Hence, in the steelmaking plants, the OTK should be responsible for the 
inspection and acceptance of ingots, and should check that the ingots conform to GOST specifications and in- 
dustrial requirements (the plants have to submit the necessary information — the heat sheet and laboratory test 
results). 


The following scheme of technical control is proposed: 


a) The plant personnel (plant team-leader and dispatcher) is responsible for the quality of the pig iron 
charged, for the charging of pig iron into and delivery from the mixer. 


b) The carrying out of all operations on the preparation of molds and runners is controlled by the personnel 
of the mold yard or pouring bay (when stationary runners are employed), i.e., by the section head and the fore - 
man, 


c) The control of the technological process of steelmaking is fully entrusted to the plant operational per- 
sonnel. The melter foreman who supervises the heat fills in the heat sheet. He signs the sheet and hands it in 
to the control room or passes it on to the next shift after filling in all the columns referring to the operations 
which have been completed during his shift. 
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d) The section head and the foreman are responsible for the preparation of ladles, runners and other oper- 
ations specified in the instructions on steelmaking; they fill in their respective parts in the heat sheet. 


All this will require careful attention, on the part of foremen and section heads, to the supervision of the 
operation, and the heat sheet will be completed directly by the melter foreman. At the same time, the de- 


mands on the plants and works supply departments which are to ensure regular deliveries to all the sections of 
the plant should be made more exacting. 


Before the change-over to the new system of steel-production control, the technological instructions 
should be extensively studied once more and the foremen should acquire skill in filling in the heat sheet. 


A VISIT TO EAST GERMANY'S METALLURGISTS 


M.D. Grytsun, Director of the Tula Metallurgical Combine 
and A.N. Redko, Head of the Central Works Laboratory of 
the Novo-Tula Metallurgical Works 


On November 14 and 15, 1957, the meeting of the Society of German Mining and Metallurgical Engineers 
took place in Leipzig. After the plenary session, the work was carried out in six sections: ore mining, mining 
(potassium), ferrous metallurgy, nonferrous metallurgy, metal deformation and heating sections. 


In the ferrous metallurgy section, the most interesting lectures were "New advances in sintering and bri- 
quetting of ore fines" by K. Seuberlich, G. Richter and W. Zwade, "Application of oxygen in pig iron production 


in the low-shaft furnace" by K. Seuberlich, G. Gromann and G. Richter, and "Steel manufacture in the rotor" 
by Spetzler. 


The paper on the briquetting of ore fines contained a description of the technique of compressing the 
mixture of ore, flux and coke fines on roller presses and the carbonization of briquettes with flue gases from 
blast-furnace stoves. A new press with an output capacity of 30-40 tons of briquettes per hour was designed and 
tested, 2000 tons of briquettes were produced with this press. After a two-hour carbonization with flue gases, the 
resistance to crushing of the briquettes increased from 60 to 200 kg/cm*. The production cost was 6 marks per 
ton of briquettes, 


The lecture on the operation of the low-shaft furnace "Donauwert” at the Max-Hitte (Figure 1), where 
oxygen-enriched blast was employed, was very interesting. Oxygen content in the blast was increased to 35%, 
The residence time of the materials in the furnace was 2.5- 
3 hours. A considerable increase in the furnace output and a 
reduction in coke consumption was achieved. 


z Of the lectures on the steelmaking industry, the most in- 
teresting was the paper by Spetzler ("Rotor" Firm in West Ger- 
many). He pointed out that the rotor process is economically 
and technically superior to the duplex and open-hearth processes. 


After the meeting we were given the opportunity of visit- 
ing the “East" Works in Stalinstadt and the "West" Works in 

Kalbe. 
ag The East Works is situated on the canal joining the Oder 
and Spree rivers. There are six blast furnaces, each of 700 m® 
volume, in operation, the total annual output being one mil- 
lion tons of pig iron. Each furnace is equipped with seven 
electric air blowers, of which five are of 50,000 m*/hour and 
two — 25,000 m*/hour capacity. 


Fig. 1. “Donauwert" furnace at the Max- 
Hitte. 


The blending of fine ores for the sinter plant and of the 
lumpy ores and limestone for the blast furnaces is efficiently organized. 


The blending begins at the ore yard, situated across the canal and equipped with two bridge cranes and a 
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car tipper. There, the ore is crushed by two jaw crushers and sieved. On the other side of the canal, where the 
blast furnaces and the sinter plant are situated, the ore is unloaded by two car tippers, thawed (in winter time), 
crushed again by four crushers, sieved into three fractions and blended in six compartments, Above the heap in 
each compartment there are movable conveyers which shape the heap. The ore is taken from the heap by means 
of a "Rackmailer" and transferred on the underground conveyers situated between the heaps. Small-size ore is 
transferred by these conveyers to the sinter plant and large-size ore to the blast-furnace bunkers. The blending 
compartments can hold about 100,000 tons of ore. The capacity of the "Rackmailer" is about 450 tons of small- 
size ore and 380 tons of large-size ore per hour. The sinter plant comprises four sinter machines of 50 m? sinter 
area. The sinter from the sinter machines goes to a toothed drum breaker and then is transferred by means of a 
box conveyer and an inclined stationary grate screen to steel bunkers where it is cooled by air draft. From the 
bunkers, the sinter is transported by a metallic conveyer over a distance of about 100 m and is additionally 
cooled with water. The temperature of the sinter before water spraying varies between 400 and 500°C, After 
water cooling, the sinter falls onto a rubber-belt conveyer and is delivered to the blast-furnace bunkers, 


The output of one sinter chain is 1300-1400 tons/24 hours, The blast-furnace charge contains 70-85% of 
sinter. The sinter materials consist of 65% Krivoi Rog ore, 15% pyrite cinders, 14% blast-furnace dust, and 6% 
coke fines, 


The sinter has the following composition, %: 


Fe FeO Mn SiO, CaO 
48-49 16 1.8-2.3 18-21 4-5 


The blast furnaces produce conversion pig iron of the following composition (after soda desulfurization), %: 


Si Mn S P 
0,.9-1.2 1.3-2.5 0,05-0,1 


The slag has the following composition, %: 


SiO, 
37-38 8 43 2.5 
An approximate composition of the charge for the blast furnaces is: 12 tons of sinter, 1.5 tons Krivoi Rog 


lump ore, 0.5 ton German Schmalkalden ore, 7.2 tons limestone, 7.8 tons coke. The coke portion of the charge 
contains 50% Donets coke, 35% Polish coke and 15% Magdeburg coke. 


The systems of charging the blast furnaces are: coke-ore-ore-coke -coke-stone, coke-ore-ore -coke-coke - 
stone, coke -coke -ore -ore-coke-stone, and coke-coke -ore-ore-coke-stone, The operating statistics of the fur- 
naces are given below: 


Output, ton/24 hours 540 
Coke consumption per ton 
of pig iron, tons 1.3 
Slag yield per ton of pig 
fron, tons 
Blast: 
amount, m*/hour (in 
thousands) (up to 30 at 
irregular furnace oper- 
ation) 62-72 
temperature, °C 500-700 
pressure, atmos 
at the airblower 1.3 
at the tuyeres 1.0 
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humidity, g/m® 20 
Blast-furnace gas: 

CO, content, % 11-12 

H, content, % 1.5 

temperature, °C 150-250 


The furnaces have 10-12 tuyeres of 180-220 mm diameter. 170% of the blast-furnace gas goes to the power 
station, 


Pig iron is cast by three casting machines. Losses in pig iron on casting amount to 0.8-1.0%, To reduce 
the losses of pig iron due to effervescence in the molds as well as to reduce the hydrogen content in pig iron, 
the molds are heated by means of the blast-furnace gas. 


The blast-furnace gas is conveyed to the casting machine under a pressure of 180-200 mm water gage, 
leaves through holes in the tubes and is burnt under a refractory roof. The hydrogen content in pig iron is re- 
duced by 30% owing to the heating of the molds. The molds are sprayed with a solution consisting of 15% clay 
and 85% coal dust obtained from the coking of brown coal briquettes, The pigs are loaded directly from the 
casting machine into railroad cars for transportation. Liquid pig iron is desulfurized in the ladle with soda, which 
is used at the rate of 3 kg per ton of pig iron. The price of soda is 144 marks per ton, the cost price of pig iron— 
265 marks per ton, The market price of the conversion pig iron in West Germany is 290 marks. 


Carbon blocks are «mployed for the lining of the well and hearth of the blast furnace. In blast furnace 
No. 2, which is shut down for a major overhaul, carbon blocks will be used for lining the well, hearth, tuyere 
zone, bosh and stack up to the height of 4 m above the bosh. The furnace will be equipped with pulsatory 
stock-line indicators and an indicator on the ball-and-socket joint for measuring the contour of the stock line. 
60% of the slag at the "East" Works is granulated and 40% is used for slag pumice for the production of light 
-weight wall blocks, 2.0 x 1.5 m. 


Production of slag pumice. Liquid slag is poured into a steel cup, 8 x 8 x 1.5 m, the bottom of which has 
several rows of 10 mm diameter holes, 100 mm from one another, Water under 6 atmos pressure is delivered 
through the holes, Slag is poured in under the thrust of water. Charging and pumice formation takes about 10 
minutes, In that time, 400-500 m® of water is consumed. The cup is then tipped and the pumice is thrown into 
a pit,from which it is transferred by means of a grab crane onto an inclined cascade ramp, of a jalousie type, 
through which air is circulated. The pumice is cooled and then transferred to the crushing plant, where it is re- 
duced to 30 mm size by means of roll crushers, The rolls of the roll crusher are 1.2 m in diameter, 1.5m long. 
Their surface is covered with about 50 mm high teeth. After crushing, the slag pumice is screened through four 
vibrating screens into fractions 0-3 mm, 3-7 mm, 7-15 mm and 15-30 mm. From the four bunkers situated un- 
der the screens, the pumice is loaded onto railroad cars or lorries, 


The output of the plant is 500 tons of slag pumice per 24 hours. The plant cost 7.2 million marks. 


Ferrous, excessively basic and overheated slag are unsuitable for slag pumice production. Pumice of 15- 
30 mm size and volumetric weight of 0.6-0.8 ton/m? is called grade I. Pumice of 7-15 mm size is grade II. 


It should be mentioned that the production of slag pumice is of great importance in our country. Arrange- 
ments should be made to obtain the design of this plant and to set up the production of slag pumice in the USSR. 


The works produces daily 8000 slag bricks, 240 x 260 x 300 mm in size and 12 kg in weight. There are 
cavities inside the bricks, In the production of the bricks, about 30% cement is used as a binding agent. The 
bricks are steam heated for six to seven hours, Cost pri¢e of a brick is 0.65 mark, market price 1.15 marks. 


In the blast-furnace plant, with the automation of furnace charging, the weak-current equipment is suc- 
cessfully employed. This allows a marked reduction in copper consumption. The advantages of the weak-cur- 
rent equipment should be studied thoroughly with a view to introducing it at works in the USSR. 


6000 workers are employed at the Works. Out of this number, 4100 are production staff, 400 are engineers 
and 380 are office workers. 


In the development plan of the Works the building of converters for oxygen blowing from above and pos- 
sibly the introduction of the duplex process and a rotary furnace are envisaged. The main rolled product will 
be tin plate and armor plate for ship building. 


“West” Works in Kalbe. The works was built in 1953. Figure 2 shows the plan of the blast furnace plant 
with ten low-shaft blast furnaces, shown in Figure 3. The furnaces produce casting pig iron from lean ores and 
use a low quality coke. East Germany has no coking coal and the iron ores are extremely lean. The analysis 
of the various types of coke and ore of East Germany is given in Tables 1 and 2. By the erection of low-shaft 
blast furnaces it was possible to supply the country with pig iron produced from local raw materials. 


The choice of the site for the erection of the works in Kalte was dictated by the vicinity of coke-and-gas 
works and mines, the availability of railroad and water communications and the need for an industrial working 
class in a predominantly agricultural region. 


In the first year of operation, 10 low-shaft blast furnaces produced 40,000 tons of casting pig iron. In the 
second year, 125,000 tons of pig iron were produced, in the third — 160,000 and in the fourth — 265,000 tons. 
These figures indicate a successful mastering of pig iron manufacture in !ow-shaft furnaces. 


The production and the use of the brown-coal coke in the low-shaft furnaces is of great interest. Brown 
cual is first briquetted under 1100 kg/cm? pressure and thensubjected to a coking process in twenty special coke- 
oven batteries at the coke works in Lauhamer. The analysis of brown-coal coke is given in Table 1. Its porosity 
is low and the strength is two or three times lower than ordinary metallurgical coke. Therefore, even in low- 
shaft furnaces the amount of this coke in the charge does not exceed 50%, 


Special tests on the application of brown-coal coke in ordinary blast furnaees showed that it can be used 
only in the amount of up to 5-10% of ordinary metallurgical coke. If the fraction of brown-coal coke is in- 
creased, the normal furnace operation is upset. 


The low-shaft furnaces at the West Works are arranged in two rows, five furnaces in each row. The block 
of five furnaces is provided with one hoist; the cars are moved in a covered monorail cable system. A great 
deal of manual labor has to be expended. The automation, already developed and now being introduced, of 


H 
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Fig. 2. Layout of the blast-furnace plant of the West Works: 1) 
ore; 2) pits; 3) slit bunkers; 4) charge bunkers; 5) monorails; 

6) casting yard; 17) air-blowing station; 8) mains for pure gas; 


9) cooling tower; 10) pump station; 11) blast furnaces; 12) air- 
heating stoves, 


the charging of low-shaft furnaces, low-current equipment being employed, will allow a reduction of more than 
230 in the number of workers. 


At the top of each furnace there are four single-bell charging appliances, The blast to the furnaces is sup- 
plied by electrically driven air blowers under 1,28 atmos pressure, each blower having 500-670 m/min output. 
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Fig. 3. Cross-sectional view of a low- 
shaft furnace of the West Works. 


The first block of furnaces is served by six electrically driven 
air blowers and the second — by five. The blowers are provided 
with pressurizing equipment by which the air pressure can be 
raised to 1.36 atmos. 


The pressure of the cold blast at the furnaces is 275 mm Hg 
and the temperature of the blast is 800°C, The temperature of 
flue gases is 200-300°C and their pressure is 150-200 mm of wa- 
ter. The residence time of the materials in the furnace is 2,5-3 
hours, 


For obtaining pig iron of a uniform chemical composition, 
a 300-ton mixer, fired by the blast-furnace gas, has been in- 
stalled and arrangements have been made for the desulfurization 
to take place outside the blast furnace, first in the runners during 
the tapping of the hot metal and then in the ladles before the 
pig iron is cast by the casting machine. In all, 8 kg of soda is 
used per one ton of pig iron. 


All slag is granulated. Blast-furnace gas is used for firing the boilers of the power station. 


During the period from 1955 to 1957, a reduction in the specific consumption of coke from 3 to 2,07 tons 
per one ton of pig iron was achieved, The cost of pig iron fell correspondingly from 450 to 340 marks per ton. 
The Works employs 2400 men,including 1500 industrial workers. 
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A TEXTBOOK FOR STEEL MELTERS 


The Sverdlovsk branch of the Metallurgy Press published the book "Production of steel in open-hearth fur- 
naces” by I.M, Panfilov, in which the technology of open-hearth steelmaking is discussed. 


In the introduction, the author discusses the history of the iron and steel industry and the development of 
open-hearth steelmaking. 


The first chapter of the book is devoted to raw materials, refractories and fuels employed in open-hearth 
steelmaking. The author gives the composition of various types of pig iron for open-hearth steelmaking, de- 
scribes the design of mixers and the preparation of steel scrap for the heat, gives the characteristics of deoxidants 
and auxiliary and refractory materials used in the open-hearth process, When dealing with fuels, the author 
specifies various types of fuel and describes the gasification process and the design of gas producers, 


The second chapter of the book is called "Design and thermal operation of an open-hearth furnace” and 
contains a description of the design of open-hearth furnaces and auxiliary equipment, of the thermal regime of 
the furnace, thermal control and automatic operation. Rules on how the open-hearth furnace should be prepared 
for steelmaking process are also given in this chapter. 


The description of the technology of the open-hearth process comprises the physical and chemical funda - 
mentals of the steelmaking process, the characteristics of slags and the classification of processes. The author 
describes the preparation for and the carrying out of the open-hearth process. 


The deoxidation, alloying and pouring of steel are dealt with in the fourth chapter. A short description 
of these processes is given, the design of molds for bottom and top pouring is explained, different methods of de- 
oxidizing steel are discussed and the action of various deoxidants is compared. In addition, the author describes 
the structure of the ingot and the advanced method of continuous steel casting. 


The methods of production of high-quality carbon steel and alloy steel in basic and acid open-hearth fur- 
naces, the layout of open-hearth plants, furnace repairs and the organization of work in the plant are described. 
The basic safety rules are given. 


The seventh chapter contains an account of work and production organization in the open-hearth plants, 
technical control and the technical and economic characteristics of open-hearth steelmaking. 


The book is written simply and lucidly. The 199 figures in the book illustrate the text clearly. M.I. Pan- 
filov's work, which was edited in collaboration with leading steel workers in the Ural, gives adequate treatment 
to the subject; it will serve as a very good textbook for steel melters and foremen of open-hearth plants. 


D.D. Burdakov 

Head of the Technical Department of 
Ferrous Metallurgy Management of the 
Sverdloyk Sovnarkhoz 
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SIGNIFICANCE OF ABBREVIATIONS MOST FREQUENTLY 
ENCOUNTERED IN SOVIET PERIODICALS 


GITTL 

GONTI 
Gosenergoizdat 
Goskhimizdat 
GOST 

GTTI 

IL 


ISN (Izd. Sov. Nauk) 


Tzd. AN SSSR 
Izd. MGU 
LEIIZhT 

LET 

LETI 
LETIIZhT 
Mashgiz 


NII ZVUKSZAPIOI 
NIKFI 
ONTI 


Stroiizdat 
TOE 
TsKTI 
TSNIEL 
TsNIEL~MES 
TsVTI 

UF 
VIESKh 
VNIIM 
VNIIZhDT 
VTI 

VZEI 


Note: Abbreviations not on this list and not explained in the translation have been transliterated, no further 
information about their significance being available to us. — Publisher. 


Phys. Inst. Acad. Sci. USSR. 

Water Power Inst. 

State Sci,-Tech. Press 

State Tech. and Theor. Lit. Press 

State United Sci.-Tech. Press 

State Power Press 

State Chem. Press 

All-Union State Standard 

State Tech. and Theor. Lit. Press 

Foreign Lit, Press 

Soviet Science Press 

Acad. Sci. USSR Press 

Moscow State Univ, Press 

Leningrad Power Inst. of Railroad Engineering 
Leningrad Elec, Engr. School 

Leningrad Electrotechnical Inst. 

Leningrad Electrical Engineering Research Inst. of Railroad Engr. 
State Sci.-Tech. Press for Machine Construction Lit. 
Ministry of Electrical Industry 

Ministry of Electrical Power Plants 

Ministry of Electrical Power Plants and the Electrical Industry 
Moscow State Univ. 

Moscow Inst. Chem. Tech. 

Moscow Regional Pedagogical Inst. 

Ministry of Industrial Construction 

Scientific Research Inst. of Sound Recording 

Sci. Inst. of Modern Motion Picture Photography 
United Sci.-Tech. Press 

Division of Technical Information 

Div. Tech. Sci. 

Construction Press 

Association of Power Engineers 

Central Research Inst. for Boilers and Turbines 
Central Scientific Research Elec, Engr. Lab. 

Central Scientific Research Elec. Engr. Lab.— Ministry of Electric Power Plants 
Central Office of Economic Information 

Ural Branch 

All- Union Inst. of Rural Elec. Power Stations 

All- Union Scientific Research Inst. of Meteorology 
All-Union Scientific Research Inst. of Railroad Engineering 
All-Union Thermotech. Inst. 

All-Union Power Correspondence Inst. 


FIAN 
GDI 
GITI 
MEP 
MES 
MESEP 
MGU ; 
MKhTI 4 
MOPI 
MSP 
OT! 
OTN 


Pre-publication subscription offer... 
RUSSIAN-ENGLISH 


PHYSICS DICTIONARY. 
SPECIALIZED SUBJECT GLOSSARIES 


Unavailable anywhere else, this is the first Russian-English Physics Dictionary to be 
published. — Complete, accurate, and up-to-date, this unique volume will cover the scién- > 
tific end technical terminology, as well as ordinary Russian expressions and idioms which 
. have special meanings in various fields of physics. 

Pre-publication subscribers to the Dictionary (now in preparation) will ‘dio alenie’ 
a free copy of each of interim glossaries listed below. These glossaries are being 
published and mailed: to subectibers as they sce compiled, end ‘when vold-epert ftom the 
Dictionary cost $10.00 each. 


Pre-publication Cost of Dictionary A aaa and indexed, plus glossaries) 
$50.00 complete. 


GLOSSARIES NOW AVAILABLE 


Nuclear Physics and Engineering Solid State Physics — 
_ Over 12,000 Russian terms. Contains all terms in the __ 4,000 Russian terms. Covers solid state theory, | 
USSR Academy of Sciences Dictionary .of Nuclear Physics crystallography, metallurgy, physics of metals, ferro- 
and Engineering. 90 $10.00 to non-subscribers magnetism, semiconductors, important general quan- 

4 tum theory, electronics.. 90 pp., $10.00 to non- 

Acoustics and Ultrasonics 
‘10,000 Russian terms. Covers acoustics, electro-acoustics, *Blectronics and Physics 

with emphasis on the growing field of ultrasonics. Terms ; 


22,000 Russian’ terms, incis an II 
are selected from thousands of pages of the most recent ting page, 


section appendix covering U.S.-Soviet vacuum tube 


‘issues of Soviet physics and engineering journals. Includes —_ ~ equivalents, cifcuit components and notations, and Z 
23-page index of Russian-English equival for names ‘abbreviatiors. Also explains specified fields in which 
_commonly found in acoustics and ultrasonics theory. terms are used. *343 pp., sold only_as part of Dic- 


170 pp., $10.00 to non-subscribers _ _ tionary subscription. 


OTHER GLOSSARIES IN PREPARATION : Electricity and Magnetism ; Liguids and Hydvauics 
and General Physics; Atomic Physics; Spectroscopy and Optics . . .$10.00 each, to non- 


IN OTHER FIELDS 


GLOSSARIES AVAILABLE 


GERMAN-ENGLISH NEUROPHYSIOLOGY GLOSSARY 
Makes the voluminous, highly significant, and largely untranslated German literature in this important field more 
accessible to English-reading scientists. Contains expressions in neuroanatomy, biochemistry, physiology, neurology, appli- 
cable engineering and electronics, as well as idioms ana selected general vocabulary. One terms, 181 pp,, $7.50) 
RUSSIAN-ENGLISH HYDROBIOLOGY GLOSSARY 
The first and only volume of its kind: Contains all terms in the 1955 edition of the N. N. Smirnov Hydrobiology 
Glossary, and covers expressions in biology, botany, hydrobiology, zoology, medicine, morphology, physiology, entomology, 
ornithology, hydrology, ichthyology. (8,000 terms, 107 pp., $7.50) 5 


f glossories are translated by, bilingual scientists, 
‘Reproctuction is sultilich présess foom * “cold”? type, and boo =: 


INTER LANGUAGE DICTIONARIES 


227 West 17th Street, New York i, a. Y. 
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Consultants Bureau Complete Subscription ‘ 
TRANSLATIONS of SOVIET JOURNALS for 1958 


Price quoted covers complete translation of all issues, plus comprehensive index. 


“Biochemistry (Biokhimiia. 6 issues per year) 


Bulletin of Experimental Biology and Medicine (12 issues per year). Pe wees: 73 
Pharmacol. and Toxicol. (6-issues per year). 


CHEMISTRY, PURE and APPLIED 


Journal of General Chemistry of the USSR (Obshchei Khimii. 12 issues, 3600 PP. ).. 
Journal of Analytical Chemistry of the USSR (6 issues) 2 
Journal of Applied Chemistry of the USSR -{ Prikladnoi. 12 issues) 


Bulletin of the Acad. Sci. USSR, Div. Chem. Sci. (Izvestiia. 12 issues) 
Chemistry Sections of Proc. Acad. Sci. USSR 
(Doklady, 36 issues per year, to be opubehets in 6 issues ) 


Agrochemistry Section 3 
Geochemistry Section 
All four sections of Proc. Aead. Sci. cited above may be purchased as a unit for only. 
Physical Chemistry Section of Proc. Acad. Sci. USSR 
(Doklady, 36 issues, to be published in 6 issues) 


® Write for special low prices for libraries of non-profit academic institutions. 


PHYSICS 


The Soviet Journal of Atomic Energy (12 issues per year). 
Sea to J. Atomic Energy—prices to be announc 


MISCELLANEOUS 


Colloid Journal (J. Expt. and Theoretical Physics and Chemistry of Colloids. 6 ienies) 80.00 


Geological Sciences Section, Proc. Acad. Sci. USSR (Doklady, 36 issues, to be pub- 


(12. issues ) 


These complete Consultants Bureau translations, by scientists for scientists, include all tabular material and. 
diagrams integral. with-the text. Each issue of each translation is mailed to subscribers upon publication. 


CONSULTANTS BUREAU, INC. 
227 W. 17th St, NEW YORK 11, N.Y. 
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